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(^ L iia»li 4Ul (l^Xua 


(* 4iJt l 

cjQSJI 

jU <C/* a^I < im r>j <J1 <111 J6 ^LuoJIj <JJ oa=JI 

^ <<ftJLl < ft l rif <ui (_gjj <6Jj^=xj lj£JI lift <jL-uiVI 

^jjlaJI (<x.LuujI ^Llil lift ^Lol <JL^1 <ui << all ^1 jjj 

. <jjLft 4 y JUAm <-*_j jlrkll j <(j^ajVl j La - C \ 4 ^ aj La <juj>I^ 5 »l^ ft*l ml ^_fl 

wJlj Laj < Lfjlj-^oj i | Lf-^ej^J <JLfll j-aj g-lin <JI ^Jl ^ Uni II <Jj ttnll CjjI J I »LfJj 

CjIj-> 1I jt <j11a1I CjL aj 1 «11 ( j^o JjLft jx^j ^jj JS Ljjj: <ajI < A ft II CjLhaI I j oLjimllJI 

. jxJjjJlj uj^ljillj 

CjI^K ^3 ,I>VI < tllnl I «t*llftj| ^lc. ColLo» uj 1T\II 1J-A ^xJ-ftl <j1 \ l m J <j(j lift 

(jlS . ^jjjJI (jlaj]l <^1 <J.a lft II Jfttftil <ollo ^jJlj <jjJjVI oLlaLJL jxjlaJI 

^ * gjjl *Ljj 1 Ij-ajjJI <ft_aL^j *Ljjua 1I yumft 4 >llr>l I 0*i ajj ~.l j , AI 11 <LiLj Ja-oVl ^_fl 

. {2003 ^1 1985 > i^JjjJI ^Vl J5L1 (203 ^i)j (202 ^i) dlDI jj* ^L^JL 

. <liUu JiLJLId ^1 ( ^-lc j[ a ii.ll Jjoom, > V Ilaa 

»LoajjJI ^jx. <1o JjVI (J*rfcftll ^y3 c 1 *K] <51 j-lt <1511 • ti’Kll 1 1 a J*eiml j-aJj 

<£7jj-jJI <JftlaloJj <<jjJlUaJI 1 ^ ^j jk * cJbjjJUj iSjXiIa <jjLa. *« ^Ij-zxl Jj-a 4 jj aj Laj *< aJjlUI 

. 1 a&\ j 1 i^ui^ll ^jjftUoJ 1 < jaaJI jJ^llej 

^jjaJI jjJ ( jJI <^J )LjJI ^i£. akJI jkic j^laj ^jC. <_kj A l^*» jlfl ^Udl J^ftJI Lai 

^\ll j <n f. ^ Lftj n.\ fl ^jJI < j<UH JLaJLl lift ^LaJ flll ^ a Imllj 

. 4 fc t i V 11 iujjjVl 

oL-uljjJI < A J Hxull < JLaIlII ^jljJaJI i. v ~^ll ^ ll> ^ J_Aft wJLUl ij <A ft II Lai 

lAjI>a1I £-o ^ ill fjoll <jLft-iiaJI oLuuljjJlj ^ftljljj^ftll jjj *^lll ^.ftj . <l)J_=xJI 4_Xiall 

oLji^JlJlj . <Hl i-uJI ^oaVI ^j-C SjjLuoJI ^1 > *t.VI oLklala j -■■ <-uL»j * ftil 

■ Lajo£.j <jjjjIjJIj <jji.i*fcill t^cljjLi 
v A ^j-a «< * ^ A ill I < tj aaJL I ■ _ jjt <_i_ft aK*T o ^j|^J| J . >■> a II Lei 
iluJ. ^!j . * a.II < < ^^ aJI <-fl5tc_j 4 1 * * Jail 

I.ifl *gll JoLijjlj <^lx. JSLilj CjLuILI J ^L%£]lj u^l^JI Jjl^-A < fl^lll Jjj 6wLC.ll JC. 

. ^jLuILIj cjLi^Ly^JL ^jVI Ul< >r> ^jJI JjLjJIj 
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^ If. uijVi ^jJI JjfcljtJI xjj < i JraJI L$ {jJ* {jC. Ijo^.1 Cj 

. LAj^C^ ^juiauJI JoI^i aJIj Ajk i nrt i till £_AiJ! J!Lq a I o^- m 

Lfj ^k_^L» ^jJI 41 aajL-ajVI 4 > A-s.\ll jLuo^VI <_lA i^jJjIjj JA ft (J a ^>fll l Lai 

( jAiLki 4 ka"k\ll jl JaVI j^LLojj A^^lll jJo-»-uj <£j±wj jL-ilj ^aI^-g ^uIjA j a i ti %j jJJ^lill 

d fth^ 1 1 L^aLJoI 

jk^-^ill <tfj Jail 4 t Q oJ^Lj JAA ^jujl iiill Li 

. liSlill ill ^j < Ayo £-jLoJI J-a-aoaJI Jam <7t1 JAj 

.<JjLflJI ^JjluII j <J-aZkJkJI JjAli*JI ^flc. ^alill (J-l-caJI J 

.^.a^k\ll *LJI ^ic. ^ j^ullJI J^oaJI ^aj 

j^ Jol* 4 »Lr iQ j^lLLlII JiAill Llj 

.<iLlll Jjj a JjC ^jLJI J^aJI uJtia UJJ 

■ ^j aVI oij^-ll JK iMj j^I^jI Ja^oAjJL j<t>r ^lill LI 
• J-^1 fJ*- iJLJI ^ cj>*$1j 

&jlll ^(| 4 J_cLxlj ^1 f4 tit oil 4 \\ 1 ,.VI ^jXi I J JX> J 0 JJU ujj^ll Jj A ‘^ * JaJj 

4jI Arf"»yL ^LUI 6jU <LLUI < >cj cj1j> >*> VI Lj-c jA <ni L£ . iuiLmVI 

. v_jL£JI I jj& > qaTi" ^a .-.ajL^I« ■»! ^jJI 4j*\^VIj «LjjaJI ^-zkljll £ja <£^aoJL 

L£ A^_jla^J! I JjI <C-LL ^X.J ^A t a a! „ A ^Jc <A-oL. j^aiiI ^jl i^lUj LLLj 

IJU jl^\ jjVI y l 4, :r .Vll jK ^jj| i^lk^ <111 ^J| J^JI J^il 

6jLo >_flj rc t-ljil (-Lcj jun ( j^o ^jla ajL "^*i LL ^jj-i-ul jIjaIj ^ *L > j j j^xtilj LcS 


LlLacI ^IjjLo ^A 4luaj ^jlj f^jj^JI 4 fl J^LJ LoJL I jjk LLftA Jjl <111 

. ^^1,,,. tigi <JJ| ^1 jj-o VI Vj JL ^Jlu V aLLaJI 

-M>II 

<1iILjJI ^jl^loC 

. (Jj^ojaII <JLaL^. — ^LjJaJI jk tu\ — fkjlxJI <aK 
OJjVI - ^jl 

-a1423 6jjlaJI jj 18 
^ 2003 ^jlill 20 ( 3^L)^I <ja ^ 
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20 
20 
20 
20 
20 
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23 
23 
23 

23 

24 
24 
24 
24 

24 
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27 


JjVI 

. 3.1.11 1 P l*xJI 

.Ulitl 61j: LS jjjiJI JLi 1:1 

. (Stars) *■'! -1 

. (Constellations) ^.UJll -2 

.(Planets) -3 

. (Moon) -4 

.(Galaxies) cl^adlj ^xlJI -5 

.(Asteroids) cL£j£JI -6 

. (Meteors) ■ -j ■*■'! -7 

. (Meteorites) djLiJI -8 

.(Comets) oLuill -9 

. I([ 3^jt.. ..II .J^VI <jjl ci Jl 2:1 

.<jjLoxajJI AjjjfellsJI 3:1 

.Celestial Coordinates LjL^JI ciL5l.ia.VI 4:1 

. (Zenith) ■-—I I <LL> -1 


.(Nadir) jJkiJI <LSi-2 

(The observer’s Meridian) »u<al ^1 Jljj LA -3 

. (Horizon Circle) jiVI S^lj -4 

.(The Latitude) ^^*JI LA -5 

. (The Longitude) Jjkll LA. -6 


. : ^ Q 0^1 tuJI fl^VI litall 3 » talmll <aLiVI 

.Celstial Equatorial System (^jL^JI ^iljL-VI ^.ILill (1 

.The Horizon System j^>l^ ^iiVI ^ ^.ILill (,_• 

.LjLuJI Sj£JI LA) jilitill j51 5:1 
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29 . (Ecliptic) ij^LuJI OjjiU&II ^imtill 6 : 1 

31 .J > - a ill 5>»lii7:l 

32 .Zodiac ^j^JI <Skl» 8:1 

33 . cuiji II jklki 9:1 

35 . Phases of the Moon J>a. ol jjjj J jU 10:1 

36 .^aJI 

38 .^Us, 11:1 

38 . (Lunar Eclipse) j^SJI 1:11:1 

39 .(Partial Lunar Eclipse) j»«H ^jaJI .-i>UI 2:11:1 

40 . Solar F.r,lipse u ..«.t.ll 3:11:1 

40 . Total Solar Frlipsp ^Kll u ....t.ll a 4-11-1 

40 .Partial Solar Eclipse u --*li ,_ij...< b 5:11:1 

43 . t *p i <Huil 

^QJI J^AJI 

45 . .jujllll jit uIIaJI ^lc. 

45 . r j 3000 (31 yjail J\ j5L 1:2 

45 .^JxJI ,'1 fj y t^ll ,*itjSlall 2:2 

45 .( f 200 - r . 3 700 ) ( 3 i>VI) ^lill 3:2 

46 .Phythagoras ^(1 

46 . Plato (y 

46 .Aristotle jL—jl (_a. 

46 .Aristarchus (j 

46 .Erato sethenes l^j (_* 

48 . Hipparchus L> ^j Lx* (j 

48 .Ptolemaeus ^<yJL» (j 

49 .j^JI 4:2 
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49 . (jj jjuall 5:2 

49 .(f1400 - 800) uA*^' 6:2 

50 . : ^ 

50 .: eol_jJI 

50 .: 

51 .( — ^1500) (jJI cajxxjVI 2:2 

51 .Copernicus _^JI _>jjS 

52 .Tycho Brahe ^SjLiJI ^1 

52 .Johannes Kepler (^iUVI) 

54 .Galilleo Galili (^IkjVI) JJl£ jJJl£ 

55 . Isaac Newton jjjji j U ... I 

56 . r .. r l l 

57 . i kl “'> 1 1 ujj 

57 .<30 

58 . 

59 .e^ljJI ^1 

59 . r -.. ? n 3,< : \K.n ;.ki i <30 

62 .li’yaJI f jJ.1 (gjf) (jijVI j j-<l3JI ij/Kj <^:UJI oIjjjC oLtojJaj 

66 . . [jijluj <ll■ ill 

liJLlll J^aJI 

67 .fcjjaJI LSlill oL-ljJI ^3 UiVi...ll<^lxll 3:1 >JI 

67 .1:3 

67 .<^30 oL.Ijill 2:3 

67 .^kU <a^=J I LjUI <jlJJI(1 

68 . (.j ■ 4 j11 d«jJ qJI 
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69 .Electromagnetics Spectrum , «_.kl l 1:2:3 

70 .Spectroscope^^iO JJall l jl^ 2:2:3 

71 .Kinds of Visual Spectra id_>il ^iLkVI ^l^il 3:2:3 

71 .Continuous spectrum■ o_d.ll (1 

72 .Bright - line Spectrum jJ»LJI y l~^lt ■ «*UI (^ 

73 ... Dark - line Spectrum ( ^oL^ioVI ^kiJ I .JlO) fJkLI L^.1 1 . «.Ll l 

73 .wdJI ^jUaVI 4:2:3 

74 .<50 biLLI i \jil 5:2:3 

75 . (1928- 1864),*iu>il3 6:2:3 

76 . (jLjiJjj jlium ,‘idt5) jtiiiui wl5 7:2:3 

77 .y aa jjl ^jkuJl 8:2:3 

78 .Doppler Effect ^L)j l jjkUi 9:2:3 

79 .<j^1aJI oLi-uljjJI ^5 »LlAaJI ^5_j cLj^Jill «.! w~...I 3-3 

79 .jiiiJill <a■ <ujjll t_5jlla^il 1:3:3 

83 .<j£liJ| oljjiudlll ^Ijjl 2:3:3 

83 .Optical Telescope <jj-aJI -t~.lt 1:2:3:3 

83 .Refracting Telescope . . j<...hl i (1 

84 .Reflecting Telescope l _ > uSL*JI. . yC.-hl l L, 

86 .<d>UI uja II 

87 .< jjj £ll c-ijjjdl 

87 .Radio Telescopes ^Jl oL»j^.,.I~'1I 2:2:3:3 

I^1 <xd.Vl c 150 ^5 oSO oL-ljJlj .LAiJI J CiLj^.nhll 3:2:3:3 

39 .UU. IxuiIj < ■ ad i j ^ ixjjoV 

92 .<Jli-il 

£-»lI^JI J*-aill 

93 .w^iJI <£.jftvll 

93 .ioji. 1:4 
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96 .The Planet Mercury jjlkt 2:4 

97 .JUII 

97 .i_s^L*JI 

97 ..-jjSjIJI 

97 .The Planet Venus ljAjl\ 3:4 

99 .JUJLI 

99 .J3UJI 

100 .y T~" Uj^pll 

100 .The Planet Earth ^jVI 4:4 

101 .(,I^JI) ^jVI ^=JI _i5UJI 

103 . . 1 *** 

103 . ouSjj 

104 .Tectonic activity LLiiJI j Continental Drift ^jUJI 

105 .(jijVl >»-> !<•> 

105 . ■ ajVI ^ ■.. 11 ^1-^11 

107 .The Moon ^li\ 5:4 

108 .^jkLiJLl JLaJLl 

108 .(g t-aJI i S^UJI 

108 .I 

109 ._^iJI J^l 

110 .The Planet Mars ^11 6:4 

111 .^ukUill JUJLI 

1 1 1 .. 

111 . 

112 .Ci ^ 1 vAP 

112 .yll jl*5l 
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113 .The Planet Jupiter 7:4 

114 .JUJU 

114 .J}UJI 

115 . 

115 .jUil 

116 .The Planet Saturn Jaj 8:4 

117 .^uLLiil JUJI 

117 . 

118 .^a^ljiai 'I ■ uSJllI 

118 .J^J jU3l 

119 .The Planet URANUS 9:4 

120 .y-uLliitl JUJU 

120. 

120 . fjuyljjJ 

120 . jj l jUSi 

121 . jujiljjl alila 

121 .The Planet Neptune (jjlu 10:4 

122 . .,‘i <xu u^j^l <ixukll j^‘1 ■ ^"• II 

122.^uuUiiil JUJU 

122 . ;C y aJI t S^UJI 

122 .^uSjllI 

122 .,'ivLij jU5l 

123 .The Planet Pluto jjJj ujSjS 11:4 

123. Lr ^JaULll JUJU 

123 . 

124 .i_u£jill 
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124.o'- 3 * 

124.The Asteroids and Comets oUijil j oIjS£j£JI 12:4 

127.oIjSjjSJJ i_ 

127 .oLSjjUI cljlj- 

128 .CometSoLujil 

129 .oljjj l l i-n^jj 

131 .The Sun u .^>ull 13:4 

132 .ja*4ll ^UJI 1:13:4 

133 .oLLUl -1 

133 .<S4all -2 

133 .(£^aJI i_i^Lxll oljjjla -3 

135.t,II jj»ljkll 2:13:4 

135 .(Sun Spots) ^...a.t.ll jJLJ1 1 (1 

136 . Prominence ll iil^dJI (^. 

137 . Solar Flares ^..m.iJI j>a.'GJI (-a. 

137 .Faculae oljoa-dJI (j 

137 .Grranulation -■ l .j.^l l (_* 

138 . uijLojj <Jl^il 

139 .^ * uni nil ^Ualll 14:4 

149 .oljl n~»i I 

165 .Stellar Basic Observations ..VI .-.t ...t .oilj jLc^VI 

165 ... 1:5 

1^5. *2:5 

156.iua^oJI jLuVl 1: 2:5 

168.2:2:5 
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173 

173 

174 

175 

176 

177 

178 

179 

180 
185 
189 

191 

191 

191 

192 
192 
195 

195 

196 
198 
200 

201 

201 

201 


.^aVJI 3:5 

.^ n“\ ill >i a ^u i /*>'* 1.3:5 

. <++y\H jUSU ^1 r lkUI 2:3:5 

. ^ K 11 jU aIII ^ulilo 4 >»-v \! I ^I^SYI 3:3:5 

.l^y <^y \II jlj5VI 4:3:5 

.<ilkU <^ y \W jUVI 5:3:5 

.^lJI J-Ijl. 6:3:5 

.^*111 JJJI 7:3:5 

. IjLl^uj 4 w^LJsVI ^uloi 4:5 


. ^iXaLs^JI 4 Lu jj! 

.Fundamentel Stellar Properties 11 t^kll jiJI 

. .u^ <j 1:6 

. 4 ^-vtil 2:6 

.Sjlj^ 3:6 

.jtkil 4:6 

.4jA^k\ll Jj^JI 5:6 

.CkA^jJI 4 -ljIj^jJI 6:6 

.^aaJI jj lfll 11 7:6 

.V (M - K) LL^» 8:6 

.^jLJI ^ * a aII 

^jLloJI j^ji 

.Double and Variable Stars l ^tlllj iiSlill 

.. ju| 1:7 

.<ia^v 1I <-o!ajVI 2:7 
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201 . AjSjlaJ I ^liJI 1:2:7 

202 .LSLUJI i^UJI 2:2:7 

203 .<jjL»l»JLI 4^UUI r>? ^l 3:2:7 

203 .<^i^| 4:2:7 

204 .<jjjkUaJI ill 5:2:7 

205 .fcL-iVI f ^UI 3:7 

206 .J^Vl £\^ll tj-* AjjUuill ^'vjJI 1:3:7 

206 .^lill <> a^U^I f ^ll 2:3:7 

207 .(UljUll) 3:3:7 

208 .A-tj^c.VI Ijjll ^’* 4:3:7 

210 ...£_jLl*uJI a 1*i i n1 

^QJI 

211 .Star Clusters and Nebulae j Ax a> JI 

211 . jl*|1:8 

211 .Ajut^lll jniiliII 2:8 

211 .A^jiill Aj^aJJI jqjLjlJI 1 :2:8 

213 .aaUJLI Ajjjill Aja^iII jjaLlaJI 2:2:8 

214 .aIlUI A^lll cJjU3¥I 3:2:8 

214.AilU.ll joSIIjlU H - R olining4i a^luIjj ^IjaI 3:8 

219 .,...AjjUlII * nil 4:8 

220 .iLuiVI r ,u- 1:4:8 

222 .^liuVI 2:4:8 

223 .a.a*ii 11 3:4:8 

224 .^till J^ill <11^1 

^uuQJI 

225 .Stellar Structure ^ll *LJ| 
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225 

229 

232 

233 

234 
237 
239 

241 

241 

241 

242 

243 
245 
247 

250 

251 
253 
256 
259 
261 
265 
268 

269 

269 


.^aall * tn 1 :9 

fjy'iW <^llaJI jJltlb 2:9 

. r ^l ttlkJI JUlil 3:9 

.4:9 


.^i£jlHll Jaa> ^A-JI 5:9 

AA\\\ |kj^ ill \ a 11 , r u.<^iJ I 6:9 

.^ i jjLkJI t rf-fcflll 11 ill 


Stellar Evolution 

...<jqj^a 1:10 


.(^jVI SjVjJIj 2:10 

.yiiiijll ^-jLhII 3:10 

.<5^UjlJI ^^. j v \ 11 4:10 

....6»LuoVI 6jja 1U ^yJI aI^jm 5:10 

.CijII 6:10 

.... Nova(i»jLaJI cjljil*ull^ U>JI SjjfclU 7:10 

.^^joIsaJI i,.LI) Ujjjji^JI a^aUo 8:10 

ISljjll jl>Vlj jK-.ljjiU. 9:10 

.CojjJI <jj-uL-uVI <b ^jLuqaJ1 10:10 

.^j-ckjL-oiJI 11:10 

.i^uUI oljLJJI 12:10 

.*1 j^uJI gjLll <jjuuLujVI iA^]l 13:10 

. .jpjiLaJI jj*lli“1 

jxufc JjLkJI 

. Milky Way Galaxy <iLill 

.* ^ 0 1:11 
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270 

271 
271 

271 

272 

274 

275 
277 

281 

282 

285 

286 

287 

288 
288 

289 

290 

291 

291 

292 
296 
298 
300 
303 


.<jLuJI ujj i. 2:11 

.(1 

.<Jl+JI 

.£jjVI (-?■ 

.6j^JLI ( jaia2oJI 6^aJll 3:11 

.A^aJll 4:11 

.Splits 5:11 

21 ^-^>11 J>UI 6:11 

.6j > a 1 1 i-uSjlJlj 

.6 j*A\ 7:11 

.^yjgrk\ Jajuj^JI 8:11 

.CjulaIuj *^laVI (1 

.^AaAII »J4a 1I ■ S^JlUa 

. 4 a114 >^’>11 cjI j^xLSkjJI 9:11 


.(1 

.4-utUI ^ u 

. <kj-u^ll 6 J4^ Jl (-A- 

. jittfc ^jUJI J j ^ 4 ^ 4 1 11 i.l 

jJte ^lill 

Other Galaxies c^>^VI ol>ail 

.^ a " 1:12 

.ciI^aaIJ Jjji v ^2:12 

.cjl^aJLl jj Sj 3:12 


.cil^aJLl jjlaj 4:12 
jIajI 5:12 
..ol>UI J^6:12 
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306 .djaJLI jUaSlj olA> 7:12 

307 .jJLJI 8:12 

310.^ <^UVI ^.l.^ll 9:12 

313 . < iH i\ cl^=JLI 10:12 

315.d>»JLI 11:12 

317 . .uij iLm CjIj^xA 12:12 

318 .(JV J.) JjljJI f.1^1 13:12 

319 .cljljljSJI 14:12 

322 .j‘“> |J ■ -~»li 

jiiifc &JQJI (Ji^SkSJI 

323 .Cosmology 

323 .1:13 

324 .^Vl ^ijUl jLxiiVI c A>«i 2:13 

325 .^IjUVI 3:13 

325 . 5<JLJI 4:13 

326 .<jo»jJ %m \ySJI ^jLuJI ^• *-* jl l 5:13 

328 .,*i^JI 6:13 

329 .(jj£ll jk5 ■ jjj2j 7:13 

329 . ,*! j SJl ■ ■' Co lx! I CxuouJI c> JajJI 8:13 

331 . jj*. iJUJI J^Jdl cll^l 

332 . .oljLla.1 

342 .^l^JI ^xl^o 

342 .<ajjaJI 4jLUL : Vjl 

343 .<j]j-lL=wjV! <aUL» : LuHi 
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J/YlJwitl 


iULJJUU-JI 

Luncl dljj La£ JSum 1:1 

a a jlrif. a j nAj < i itr> L ^»1 <( L y^ JI ^>0 pj_aJI ^_aj) p-l a jul II ^JJ >LU > 

<jla^UI ^j-ajJL CjLj J-Sj jk) ^jjJiLa <n^ Ij jfl la 1 <<_fl ^yy a 

kjj uua o^Lfl ^iJI j <<_1jL^JI La jI wLc.1j « 1^51 x aajj L^_jl^Jlj < L^-iLO ^_a 4~jl a ill 

^_fl ^-Aj < LLo i \ X i II ^J-C L^uSj *A \ aA^II A^l A XmQ 1 ^j-LJJI w L» ... II > aJ-A 

^fll {^AaA i^jja J. iaJI <_laAjJI 6 j£Ai J*X\ \ 9 nVkll Lai . <jjl iJLo oLfll i no ^k < ft t 9^ II 
> »JL uijj (<jji A 4-all A \ a AjJ I Ajill y± VI ^k JJbi * til l i ^ JjfeLuJLl) Ji j* n I^J I 

^ | I pl. a j a . i l c-AjJ Mj < dj 1 1! ^Jl <J-u<a_i jl 4 <jjLsu-uJ 1 Aj^JI A J-A jioJ s fl * n't jjJij 

jklj.^.1 {ja -k > Laj * L^_jk jta **> ^jJI A i i^jVl AjSLILi la^aJLI ^LtA 9II) j-JjjJI <jL» 
. ^La^j-Cj dJjLajJIj *t>ll^ oLu jilj <CjLiSj^J 1^ Cjlj-kU j < ■, ~j ^jJl^ <jjLq_-i_»j 

l ^ J > fl l^a uua ^jA tL>L-u Aj^ jll <Jjl ai iiII ^1 j_ik.VI <U-uljJ-i ^jl^-jj uiA u (j;jJI jftkJI ^X.Jjj 
jjx. dll flll ^k 4 ,.a K JLij-^lo Jjg a . dlkJI ^k LAj^Iojj LAj i ^r% aj L^jI itii £_jjLjj L^jL^j-^j 

.JjLjjjJI pLeji 

; 4 j Kill p| n i ull l^*ij Al iLa aj ^jJI <jjLoj-uJI ^Ij^VI ^-A La (jVl^ 

(Stars) -1 

(jljJI kill j J^-Aj ioLaL^jVI JS LAjjj J a7.Vij ^iJlj A y A^lll A \i x^ll JoLSuJI tlLt ^-Aj 

. 10 V^Lal < 1,15 jJjj 4 LlC j^UJI La ja >1 I ^ jl |j .4 ah A. oIcjpMij iAJJaXo 

(Constellations) ^LaJU -2 


ll ya £_o CjjIj <jaaa J*S CjI J i^j^lll ^jja Jj. 1 JJ£- ^j^a jjljj Aia aj CjLc-j a ^ a ^-Aj 
pLculuU » aj flVl LaLcJ 4 jjia jl ^LlauI jl Jkkli ^k i ^ ^ m t . 

p Li ^jl <<*»»La^ j ^fk ^31 \ * 4>j . ^ fth ^ a ^iotxa pLa^uuJI ^k J Jgjjj 4^-ijJ 

. <011 


(Planets) ^si-3 

(jX. ^ha <till i^> jn^ a*i uja a. (klulj ^jLa.l dll j jOl—sOI ^ ■% < 4 jl i a ui ^1 ^-Aj 
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aU Lft I jl £jA '*tj^ JJ A*n I All i u a>Vl 6 j-Aj l ^,-y^lr>uj 

^baJliJ Ajjl-C AjjJ <j! IfJLft A1 a AA ^ic. Jjjj V ! JJmC AjjJ J^AJJ . Ajuuulllj 

<»j II ^jI j ^L> itil Lfl (^uuJj . v_jjJ»JI ^Jl i jM .\\flj <£.j^-o iSjj^JLI 

• ja>^j uj^j o^'jjb JjUat cU^iuj ‘fj^UlS 

(Moon) j^iJi -4 

I rtjVr I L&jftV «<J^n|ahj l «-.,uLii a ( j^oj ^jJI AjjI aaaJI ^Ij^.VI £-»-oj1 

^jly-u 6^£-J < JjVl j] JXfJlS 6 J J1 “> ft JKit/u j*oaJI j^lrn XAj (J jJ\ jjJo JjjSj 

* 

. aJJI *■ Li ^j) luji dlj ijxh^ib 
(Galaxies) cil j^JLIj fj-uJi -5 

(OjluLui CjU-Lw ^jaIJI Qy A >n y^jJjJk AjjLc *u ^ja < nil ^ 

^_ya JjLa JO£. ^j-o AjjSII CjIj^JLI cJli-Aj . ya^k.J f^Jali* j-JX. jl jkhlla ££JI-a 1 *' LfJj 

II iAm i j ^ hlij AojIajJI Cj\ ^jA <*a*iLJu jljul ^aJI ^SkjJI 

. If-JI ^olii ^jJI AjLuJI t—J^)J J-LA ul.LflL=kJl J^A JaJjMl JS^tl 

(Asteroids) ciUL i^jSJI -6 

^jlj LfJ ( j4i-J^ i^a>aJI 6j^Lua \<L lj < v Ajlu^lo j AjjLqmi ^Ij^I ^_Aj 

L^-a^lajuu ^ ^jnAoJI iju^xj Jj ig^coJJ 

(Meteors) » -7 

6jl i_ftloUJI I U II frj i All ^J-A CjI 4 A aj ^ic A jlil II pi a ifcJI ^-ft J 0 U~i J 

^ ^ lA iL a II SjULI Ja Zj ik ju t * JlS <ULja 1 AjjLfJ' 

lj£LaJj . LJS ^A^jVl V_"k*> L^-iLs ^ic Uft *u~t 1 ajkj <pI *J~\ ftll 

. 6aJjlUI ^yi &j^iC fjya 6Jjftl ajlla 

(Meteorites) djUJI -8 

£j\j ^ij «^-uojVI (^>=JI US jVl J^lc. Uft .i n <uLad JjS 

4j jLfciS 

(Comets) oUtoti -9 

jl^Jll ij .d il.-^ll <JLaJ| jl^illj jjLuilJI j g-CJI jjA LjLou ^Aj 
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* * t A 

jlftJI {jA jlikJI I JJt ijj SkJJ l^lLjI "k ft jAlJ j -k JUU i^jll A itlll ( j*0 Ig-jljljl JkXJ ,4juJ*il 
. ^ < All ^jLaJI 4»Lj >Um % tjnft *Till Olu» 1 (a jul^AjV 4 ^ > Vt ^^Al l 

. 4 K U ^jLujI jl jkLiV (^jj jij ^LajJI ^aji ^Ul ojl^j 


1(1 tic. jjjUuJI ^Ij^VI 3 Sjaj 3 fc^!4Jl 3 ji^IauJI SjSJI 2:1 


1 ^ "klr>*o j^-lc. 'y 'iW j - jj^jVI L&j£jj> 4 i a Aj 6 jS JjX IjLlX < LL>L-u tlj^ j La£k ^Jhj 

{ja ^-1>1 ^1 Jj-^w 1 * a Ilk AJ i^ia * tall (j*»jVl jljjJ *k)1 . ^-kl jJI 

V Lf-» <J-*Uk ^ ^k ilil jl J-o ^A itJI uJj-i-ll (j-« J J| jl (lu.'k . frl A-i nil (_£Jj£J 1 ^j lull 

<4^j|jj J 4jjj_3~o i£j-a> ■ 4 u nil jl ±A { jlc. jn ft itill Jj-a. 6JoJj 6jjJ J a \\j < JJ ■ ~J 

( 24 ) JS 6 jp-o UlLJI ujjlix (ju^JLJj jj^tJI jjJl ujjiJI J ^-0 ^a-AjJI LAjJ -k a Jj-^. jjJj Jok^k 

. ^JjjLaJlj ^JLoaaJI i(joLl&JIj jjaJLI Lfljla Jjj < Llj^Aj <xk 

Jj-oj ^£jJI) JIUI L bj^ a ^JA jail V LfjLfl i^jM/wnll Jj-^. Ujlj-o (jj jjijVl jljjJ jltJ 

* * o 

4 ,mill Loll J Ljlj^a u 4 il Jj ( 23.5 4 ajlj>j ^jVl jLfcjuuo ^Jx, ^Jj-o-*JI aLzhJjV! J^X 

frljJLi-uVI 6 jj! J jj~ 1 “* ^ix (_^jVl jljUa Joaj dijj 4 ‘v tUJ jljJll Jjl© (j-k ^iijll ~k. a 

. t i^rvtl 23.5 4jjI^j ^juajVl 

4 jI_A < 4 _ajji^J! j <jJi a itill j*" ah II ^ja 4*1 ^1 • *! . J ^lc. ^jVI jljjJ jj a» <0 IjJXa I jjj 
. II uJaillj ^JIaiaJI ^£LLflJI ■ Jaill Lo_A 4jjl ajuJI 6j^JI £a ^JaLilj 

(jojl i <u*i « a dm ^J| 4 1 a^>jVI 6j^J1 jk * <ki > ^iJl ^jlojVI »-lj 1 * *iVI 6jjlj Iljj-A I l^j 
^jJI 4 jj1 a mil mV I 6 jjI J ll»jJ Jj lj 4qjI. a * a H 6 j!^JI ^0 ^lallli A i^Jkjl^J yll ft *t« 
Ij^il t, At^UJ I 4-lJI a aaJI 4ajl a *4*11 SjUl » Ax^l <(j\ A ■ Q ^Jl 4 Xlall 4oji ajmJI 6j^JI ^k * a 4*1 
J£ ^jt 4ojl a i all 6jll J Jjlojj a ^Jx 4a Jj a f «4^jjlaJI 4 ojLa-ioJI 

o 

90 jl jIaj ^jOjLaoaJI j^akftJI 

p^Jaj J\ mu pi *^1 ill 4 aI jjJlIj (jljjJ jj ^ A (jU 4_Xlall jL-ojVI (JJjj 

(_Jj^I jl- 1 -® (<>i .!>■» Jc .1 a til Jttju ^ Jfc jjJj uii -fc > I J-a. 

ulJJb jjiaIIj uja Sji ■_»ju*ij ^jjlll I jib ^l ij j < ( 41 ^ 26000 (jjjj 

. (Upright) J ^ * n* L| Nit' i Jj^ ul 

Sjli JMik. (Vega) Lioi jk^ ill ^Jl (^ojjVjj ^Ji A * til I ^ jJaill ^auJI jail jJI 4 ^^VJIj 

.jVI ,> 41 ^ 13000 
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(jjJj) I J IjJ jO^ [4 1 UA 4jj1 AduJI jklj^Vl (jl tlii * till 

f^~y >1(j Li* 1 A (RiSC) ,Jj ^ yui 6j m ft t La I j-A^ <k_j^L)l ^Jl Jy iull Jj-a 

T > W n \ jAC. HJjiJI 4-$^. (jj (Set) L$-JJj£.J LkAJJ 

o 

JS 360 <LLS 6jj J <timII t_jjlA£. i£ja. «till uJijjLlI 

y 4 ti > u U jitl l I O+lj > Jilij 4 1 J dXA JJ i<X.Llu JU 15 JjJLaj L-UyJLt 4-C.Lku 24 

L^jl^a oj-ll 0.5 ^^ajVI (jjSij . JiL5j 4 jl.i5 aj <iJ SjSj-jq jj-JuJI 4-$—-^. ^ ill 

o 

<ju« .Till 1 1 SjaIuiII <L£jaJ 1 * 1 (| * ybuij V ytJl . Ltjlxa qjls. 1 (JjJI a 1 

. 5j-a Lul^Lo JjA LfK <-jjl a iJI 6j£kJI IjJ jJ -ljj 

^ ft > > *" ^ ^a 4 JA« a 4ioaJ <j 1 jJl ^ a lu l l J>-a> Lfr iL -w j j^ajVI 

^Lc, ^Oa . <LLLJI 41 till <j-e <U*klil l a^Tjja ^j-a ^LlLc ^Jl £Aj £ i .^ya 

i yA ^jJlZj pLa-i-uJI 4jaa1JI ^-laL^JLI jjLfl ciljSj <<jjLa-fcdiJI SjHJ <loKJI 6 ^jI oil jdajSj J-aIS 

. ^LslII 4jI J_i Jjua [ 4 -x IIjJjjI ^1 <xaalll 4.L£.iullI (£jj ^la- f J^uaA ^JJ J.iva9 

(Celestial Coordiantes) IjjUuJI oUilj^VI 4:1 

£-5(_j-a JjQ aJj iajal * ull <jjLa_ujJI CjLuIo^^LJ 4_lJla-il 4-^aiajVl s^j-tOaJL) frJ-JI ^i- 8 

: ^j-A j r<Ju-uLuuVI oLa-llau-ai.1 jIaj ^J| Vjl ■ ta) t a-lll 

. (Zenith) o^Ji -1 

jl OlLo! ^j-lc ^1). J <Jaa a 6juuiLla a .luJI 4-J-5JI) 6j^JI ^j-lc j-5j <Ja3j ^-A 

. (^Vl jUI ^JjSUJI Jo^JI 
(Nadir) akil -2 

L,)0 lrk*k l(j < ^JU-al^JI 4Jaa-<o utajj AjjI a a ull MjdJI ^j-o ft < *iVl ^Jl ^5 j <Ja5u 

' cA>Vl J^JA* JAJ tlLA_tuJlj j >U\li 

(The observer’s Meridian) j^i ^Ji Jijj iai -3 

C > A « U j-ajj ((S j[ a « nil frl^l itiVI ^lc. 4 jJ^aC 6j » iaj ^.fclrkllLi j_aj ^jJI 6jjI jJI oLt 

■ uJjiilj ( 3juu1I LaLJoIj (<JJ^a£. 6jjI J JJU ^ 4 - S diJUj j^uljJI 
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(Horizon Circle) Jiyi »^Ij -4 

^ic. Lj^ a£> jVl Ui ul l xxtLa^o J < nljJI 4 In Vi t j-oj a ^aIo£. SjjI J ^^-4 

J^ajj <<j-d '"kllj »1 ft i^JI ^Jjll pj-aJI La 4*i jJnillj Ci a tii II -La. 

jjOaJlj . ^J LaJu II JiVl J>ili i^LutSl ^1 l 4 a i i » Vi 

< jj SJI ^xlaluu ^jJI <a! i ul 1 JJaj ^lajJI ^LaI Jiaj ^jJI <jjj£ (jl j^jJL 

■ 3*^ 4 jaj-uj (^>->3 Jiii 3 j£j jJlj 

(The Latitude) ^^*JI -5 

IrfcTk. i Aoijl fl o < e I ^ ~i mV I JftA, ‘_‘j^ JLaaii I ^)l^o L>$1 jJ I Lfll m il ^j4j 

ljl (-) jl , ,1 Ijl^yi JLc^i Jisil jl* Ijl (+) U5UI . olHI cLW Jl juJI 

Jaa^j Cl a I nil (J^i L- ^jV I jSj-jft 1$ A ^lil LjljJI jl) . t-\ i. » V I Jaa Ljjia. JjlSlI 

(The Longitude) J^UI 1** -6 

JJj JIj 3 -Laj < (jJ-AJj-C <LjAJ j-aj ^jJI) ^JUTkjlI Jl jj JI Jaa. (^A-i 6*AaJlI >>* 

• i3j^ °°180 jL-o La Qjljjjj #(jl£il 

: ^-9 jjjUuJI £4lj-0 iUOaII flag Vii«>U 2 A U\yj La) 

Celestial Equatorial System ^1 ^i^yi ^u^ji -1 

: L_* ^L^^La ^Lulgal 

Declination Angle *1>L-uVI Jai* Aitill ^kjaJI J^A (1 

JljJ Jaa. J^Io ^ic O-uLLa < 1 \jl^J I Jaa. (£y *ii*j a ^j£, ^^k.11 LjljJI Lfli i nil 1 $_jLj 

uU 4A (-) <LkJLJI ^1 (+) 4aajll fcjLiVI ^IuiJJ i 90 j jft m La J^il ijkjaJI 

f-l ^ 1 ^1 Jaa. . ^Jlj-ill ^-lc a * all t- lj ~ ^Vl Jo^ jl Jl A Ail ^ 

<U3 ah a I JajJrv-k < i ito cilaJj) d= 0 (£j ft 4^1 II JaaJI jJk ^j l a 44111 

. oLzwjjJLi 4 jjjL3jj d=+ 90 J^a 5jjIj <J ^ Jrkflll jk^jJU i (LjL^JI s^SJI ^ic. 
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U jKaJd (5) (R- A) |V i-^.n (3) J£*L 


The Right Ascension «^vH <j>Ij (2 


dL^jL <juuH 1I <uljlmVI <iliiiil L^-ju t R. A l$J 

6jjl J «(j ft <laLi ^-4 ^» \ >I Jl y ~ f yi <la_Aj) (Ja,^JI JoL_Aj ^-O <La_Lt <Jj1 <jx 

^ic. »lA juJI uiA i^jI^jJIj ^UJIJ olfcl *alL> ^olij j . ftmll dUjJ Jlj^JI 

o 

<±at£ <£.LbU JjUj 15 ^J-JI oL cL-u JJ&j <£-L-u 24 »ljgUi<VI lr»"k 

The Horizone System a^i^iiyt ^jUuJi ^Uaiil (o 

< JJbLu.aU JiVl 6jjlj JauUJ f. I AJ-^II ^_i Joliftj jijAJ i La ^ UJ Ail 

: Leu* (joil fO^ i^ilji-aJI J1 ajJLII fcL^jlj <Cim nil <Ja£jj 

(The Altitude of a Star) jiVl jc. ^aJil (1 


II £-5 J-J* jjl All (jli* ^jja <L^ULI <JjljJI (Alt) —> <J j—JBjJJ 

<^a11I t jJbLtiiil c*a aaj <1aaj (J-^-j SjULl < v 4«iljJI 6 ^jI jJI { jAc. jjfcl *tJL 1 SjjI jj 

Ij_La-o |k^ill j^Lijjl a oL^. jjJL> ^jxiLajj ,JiVI SjjIj g-Ulilj ^ SjI lj 

o 

ceLm J£ j i in Ijjk jlj l * 1 j \ l^j . oaLULI (julj <isuflj jifc 90 j i JaV I 
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I JJb jy jX- Jjlj JftA> Sj£JI (j-« ^Sju-tJI i LaaII ^_9 j-k^j 

^Laj Jj j^k.1 ^1^1 " i *\ jl Jjjji£j . ^JJjiJI Sl£. Ij-LuO (L-Jj-*JI ^Jl IrkII 

Lai ft a ^j ift ay 'y I ,.\ * ill jdfej Zenith DistcfflCe (Z) uuaJI Oii <l ft 

: <S^LjlJLi ^Inl^ Qamll ^j-o 

Z = 90°-Alt 


The Azimuth (AZ) ^U^JI ^ j*A I *UjI (2 

4 it nljJI 6^Sl jJl^j J-L-daljJI £_Sj^e> ^jX ^xi ^jJI JIjijJI JffkA ^/u SjJ aA aJLI 5jjI jJI ilLla 
{jA p I Jo-ki JiVl Sjjl J n i nl 1 ^Jk jj£. SjLLI 

.JiVl * H o *y II < i tiiljJI 6^jl jJI f.lllll <leiA*> ^Jl JLa_xL_!l <>kV> 

. ° 360 ^Jl jttt/'k <j*o l *~k a 1 9 


pI jJal a *ull 6L=hJiVI 

6jjljJI p i a ~ II <laL J i^rki ^jl ^Jl CfcLJI 


^uiLaj 6jSJI ». ^^1 JjfcLuJj 

■ ijLlA ^l— ^-9 1^,1. "k II ujJlaJI ftLaJ 


. (j*l jJU JUill ^iaal^ . ii 1 * til I (SJ> x 4-lajj1^J1 



(4) jiii 

CiLkilx^Jfl jtUaj jkla^xwiLi „u^ljJ liwaJL ^a ^2 y* uoaj 


Jjaj-a <ala Jjfci *iill ^jJ dJj-lil ^LjJajVLj j 1a jj <^jI Jj ^UajJI I jjfc <j1 jfkjJL jaJ-aJlj 
^ic. <ajl a mil ^1^-Jb.Vl klJj "kla > % 4-A_a-ulj 6jj£ >, j^j^a Luia ^Jc 
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-c^oVI J* Cfi ftfc ^ a ££jlS_* ^ j ^1 (j\ ± J\ *£x *>J ^ I"* - ■* jfcUaj jjfcj < 1 4 ^ I ri ii. 

6JjA (jj—fl (llljJj . Cj-AjJI ^^ulAju <J LoJ&J_*-oj jJj i^Aoil (jtift Vl 4 j ft ft! oUjI ^1 1 M 1 ftj 
<jLfi <^ikl ilJlj J^ft /jj, v ^Ijll Jt fli "i* ill SiG-j . <j^ojJI £-a j J* "" CjUjI j^VI 

. JjJjaJI <Luo^C lrk"^ ■ ‘ - u-ft. gJlLlJI 6 J 4 J 4_aJ)^U 1 O^Uj~k til ^JaC. 4jU i^> 

; US <jJIjTi 1 nVI cjLuIj^VL U ^‘i oUl j^I jaJtjj 
h m s 

RA = 2 10 5 

5 = 30° 50' 30” 


^li US j-^1 ^ Lul J>=k| jJJLj jkllajJl ■ « - “^J 


Alt = 37 


Azm = 120 


3jjLauJ) SjSJI pj^JI Sj^a iaik) jlALuuXI gl5La j31 5:1 

6JLAj| <4j 4 UiulL JiVI 5^)jl Jj 4laxu JJaj ^jJI JJll* ti a 11 ^-fil^i-aJI £-fljll ^jLi t*Lli V 

: 41XaVt jAt i JjJIj . »UajJI ULul<i j,i%u<i Ujjjj 

0 

4~ rw .1 iLflll «. -v \ 11 ^jXfc-Uj (90 j^UJJI ^jVl v V ftftj jjfel *MA -1 

0 

u- 0 S»JL> t> U^J A>U Jaik JjjSj^ij (jiVl Jjj 90 ) 

jk^k ill Jj ±J ^jJI ^kVll jAij 4j j lol - -J . <jjLa-. »JI <qjji^ II 6jSJI v L^i ^j- ^» 

Vj (3 j-^u v ^j^jji 6jjbj i^siiii piy^yi i->"k 5^1 jj <jji jjh j^ijj ^jiA iiiii ^kin-ftii 

. (1 5 JS^tll ^>iajl) j^-laJI 4 jJjVI ^kj^k\ILt 

f.I^y I i^-v ^jj S«**-ift i(<ajJ j ftm (jojX J^yi Jaik wJlAj JJhUikA -2 

JiVI 6^1 j ^ m <0 ^ jj S 1 m ft ^Slftll yJLft. i tjl > M tlnftll Uol <4 1 a ill 
JoA. Sljl^oj junlj UUj j^^ uyJI 4^_zk ^juAttill , j.L~l*<di^ 1 (jiVI 4-a.jJ 

jjij-oj ^ *> <jjj ^ Jal a “ * < LaUj ^^1 4 0^ ■ uAjj «»I fti nil la a ^kj f- i^yi 

. (u-> 5 JS-tiJI jJajl^ 41 ij’i-v 11^ cJUAll SjSJI 
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0 Q 

(jLi V Lui 30 JftA ^.lc. a a till i. JLaJI^ »\ l liV 1 Jaa> > i ft ja I uu -3 

frlj‘> I I>VI Jajk Lai < l A^Tfcjl 30 ^flVl jjjJ <_C.UjjI <Jjl j ^jj Sg I y ^JLa-UJI II ^ Jntll 

o 

£ Jal * ii > jjilitil I Ijjft 4 \ Villj * 30 _» C a * li <Jljj 6 ^jI J alj Uiii i itl I 

# o o _ 

<V1 a i t> 90 ^ 60 = O Jj-a 4 jj! j 4_util > JI <xli a * all ajJI ^ 

(<JUJJ! 4_»JjVI jXjVtlL) til 6 j-A <JjJ <J£ < Lftjl J 

. North Circumpolar Stars 

* o 

cjIcL-u l-* juj^ l^Lo f. iS^y <<VI VIaJu 60 la ^^\ll L’m 

JftAi (ju La <JL_fllj_ll ^jaaII <jjj ^ tU" * '■ * 4 —u^jl^JI 6j^JI k aj ^j-aj . frll y JjUI 

0 0 

J5l 6jJL JiVl <JLc ^-fl. kJj < Ifrla Lagu-fl k » * a> <pI^Luj^H Jqa ■_60 j pIj^ILujVI 

# O f 

■ ^Jl Ljxa. 60 <L*_fil^JI ^ >1^* ■ ■■ > ^jJ ajj IjX- Lj . lu >L <£.L_u 12 

. 5 J£iJI _>liil) 



^UJJI ■ -t»m ^4 UjAUu U S fjaJJI is j* qj^jj (1 5) JS*i 
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Jai i jl£ Ua>U*u LaS aill (1 5 ) J&iJu 



. ^UJJl wtiaiJIj *\j*M$\ Ja^ (>j £^a(-^5) J&Jw 

(Ecliptic) ^U^uJI 5jSJI <^1* 3-iijAlUdl j^aJuJI iSj^. 6:1 

A. A (6J^.lj <Luu J^Lk. <jjUxJI <_lL1I J jLuaa ^-lc LjJblla J-* *"11 liljAkJJ 

»l^l* iiVI 6 ^jI J «in JaAj ^Jbj ,4 ti^i^ll 6 ^IJL Llj-^.1 ^CJjj < t$J ^OjVl 

*> o 

jlji <Mua jljlt* j i4 tll < 4 ^ 0 ^juq 6 jji^ 23 27 Lfcjl ja« ^ IajJI 

^A*-alllj f-I^Jj-oVI JftA. JL&aIi 4 L^i ijuAttJI jLuu-o j . JlsJ^JI 

. (^J 6 JSjlUI ^l&jl) frljI^VI JftAi 
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pl^iujyi Jaa, jMxa j () 6) J&yu 

^■uui iJI (jrfbjYl jlj-a ifjMMM ijlt 


^UAJI ^iliJt ^LUI 



(( jnrt i nli 4 jlA^u£JI 5jj|jJ|) i*ruKyi (06) J&jJu 
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4u£. * La a j 


^jVI ixjjVI Jjirttll SjAUa 1:7 

0 *. 

4jkX £-aa_i L AA jl JA~> 4. *jL CjjL Jail 1 j-Aj * 23.5 UJjL. Ujlino ^lx ^jj a xJI dLzk^VI 

(_^ajV I ^ln< n plj _^1 <aI i ii n i—^ IJ <4 jjmll jl J_a ^lx ^_ic jiia itill J-aLlj j lJu 

ijJ-=kJ ^LVI *-JJ> < hIIj ■ 4 JjVI Sjill jjl^J « ft ijiLftiiII 

JJJI JjJa ^_fl 1 "kI ua~k <jnfl itill J_^. uJI Sj^jJI ^Jb 4 jl-»jVI ftII 

«Lll^lidU^O ^j-lx L J^oX Jj*k a ^ <j1 . jL^jJIj 

. (1 6 J ^ 44 i l l ^> 1 oj 1 ) . j^iJI J> 1 » (^jL-lu Jf^ JW° 


JI.A xVI 4-Uy> dix lijl 4 4 > a ^jii n 4 nil ^ jkLx J^ ^j-a /3/21 ^-fl diljJj 

^Jiuulj I J-LA jjJtb .iu^ pI jIl^VI ^ L-ij^-i/kJI 6^JIJI <kL (Vernal Equinox) 

JTjJ JaULi ^JjVl <Jailll 6 JjA £JJjJI (J'** nt a 5 jI X» j-il»J-JJ * Jl a aIJI AAII 

^ 1^4 till Ja-a) - ^jaJI dilj fJUJ! pL^al £ua ^-fl 4jl^_±llj JjJJI J^L (^Lauj LlAj . J A-’k II 

. (R.A= 0 h , 5 = 0°) 


/9/23 u»AaIj <^gjl aj ii.lI ply^I Sjjl j 4jaj . .Kll <jjIjJI jJdUiJI <LV> lalj 

Jl,.l IxVL <kllll 6JJfa ^X.Jaj J_jil ^jj 4jI Ja CaIuOJ J-5 ^ii a 4 til I i^kA A If* lx. J£ 

|c-j^JI ^1 JUiJI Jju» jqiij ^ - (Autumnal Equinox) 

.fJUJI f-Lajl ^ua 4 JjUI^j jl^jJI J^lo ^jLuuIj ^jjJI 1 Jla (jfj * v—< jI jj elljj 

/6/21 » AJu^aJI J 4<^ a <j| Jj ^Jajj # (5 — 0° , R .A — 12 h ) juflitill CjLuI»1^[ 

4 □ 

. jlx.) VL^*i 23.5 (^K»J-C JoJk 5jJpX J»lfl 47il l * k u -- k 4^Lx J£ 

jl^lll J>L « (Summer Solstice) ^^>^11 Lsia ik^Jll aIa 

^_fl dllj ^>0 » II ^lxj 4 a j La j A4*> 9 ] J_dJI J^Jc^ da J J>1 ^Jl a iti II v Aa^IJI 

. tujAA II Sj£JI ‘ & ‘ 

^Jx l^af t jAfcft4 4 JI L '2 ^ J^a /12/21 £1 iA * a pLaaaJI <j|jj lol^j 

(_gj "i 4 till ^j^LL^VLi IjSJ i 4 la a 1H 6jjb u f v "j (^j ?k II jIj-a) LajI 23.5 L ^j^c. L 
J>J 4 ^$aj La <jJI a itill sijill v ^i^j jl^jJI J 4a gj lj ^ 4 (Winter Solstice) 

<1aAj U-kM->j . ^jjjl^JI 6jUI 4 iiAJ dll j ^a ^^u^JlII ^ixj 4 L^oul Jj^aj La J^lol Jail I 

Jd-^ CjJI.iic.yi ^ii .jkL»JI JljL jJji ^ ^ ^ * jil. I Till 
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LaLol ^ ^ In \ * <n!L uJuj LaLaj jj-ilJI 4 Q y log > AlL ^na * till 


La] JiAiiJI lJJ uj < uJI JIaAII £jA ^jiuaoII iLlJ » a^^ll La] 

. ^JjJlII '_ ■II uUAJj ^>JI ^ya 4ti"kfl »11 aaaJI 


Zodiac 3§hia 1:8 


% ^iil f ^i 4 i f 


0 -“J 


16 


<<Jjl_o_uJI SjSJI JajuiJ ^ jUaj yj 

Sjl JI all l_i£Ij£JIj j * ftll j Jimlt II j \ IIU 1^11 ( (^j^jJI tjjIjijiiL ■%! ^X. Jj (_£ jjlj (Cy jtUoJI 

' fl j Q ^ill < i tajll j-L^UaJll ^j-~«j | ^llaj £ju_JI d ~Kj i<Ia h*> fC > -^VI 

o 0 # 

i4 j f LiUi all 6j^JI liC 30 iJjLaj ii t i Ljl in u> l a ,<-u fl 1 2 ^Jl |k,uit i »j . (jua 4 Till 

i^JjLla 4jLij] 4 11 illIL> Jj)Luoj< ^LaL^ 0 *ti L^la ^a i till j a iajj 


JLh-* ^LUJIj > it ^ 

jUoj-j-JI <_> (jj \ ?kj i, L k ^H j ^Ijj-=JIj 
(S>^i *fc-Allj < L yjjxi\j ^j^ixJlj (jIjaII 

. (7 J£A!1 >11) 



(7)jsJi 

J}Lx ^Jgj J^««ill Oj^aJI jJkj L_i» a La^j (JjIa* ^jiiAitill Jj] LJ jJjj i^nfti ull t J ^jAjVI jjJj U'ui 
Ci>=JI (Jjlia i~JI LJ jJ jj «<1uj (JbLa. Jj^ij « <JjL&a ja4.uJl LJ J Jlu ^ it« 
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: (j nft i t i l l Jl£ul 4jljjJ jtJjllJI j^JlllI JjJjaJI u^j 

-/5/22(oUjUI),l>JI -/4/21 jjill -/3/21J^JI 
- / 8 /23 (<Li*JI) *I>JI - n /23 d*-VI - / 6/22^IL^JI 
- /11/22 ^^iJI - /10/23 ^>JI /9/23 JjJLl 
. /2/21 o^JI /1/21 ^JJI 12/22 ^oaJI 

CuijiJI 1:9 

^ jl+Jlj yijlUJI ^^k ^jVl ^U*u ^jU JjaJtl 

C*AjJI Jjj-a J>£- La yjj all oi-a J^L^. ‘C£jk1 <f-> (j-a £-JjVl al l c-ijljjj 

j^iJI j^o JjL^j 4 £a-» jl^jJI ^-a jl *<ia aU-^M A JlLo qI^^-o 

^LAl Sa-a.j£ j\>jJL cJ^aj L« j^k ^JUI J^ajIj «Sj j a- 1 U <k.l^o 4-c.jiio 

. ^ LYI . O-ojJI 

tj \j 4 jIojII 6jiill <j| ^k . LujJflli <cl^u 24 <Jj4dj : Solar day *»*^JlJI ^j-JI 
Joik. ^Ifllll J 1 U * 7l 11 I j ^1" AJ ^jJI 4 iloj II 6jJLaJI j] {JUA *i*ll (J^jJLUjQ jUjjX 

. (9 JUJI jtil) . Cjyflln- C*y>* u±jW L ^ 1^1 Jlj^JI 
6 jl all s >Aj <oLv ^ j j4 4141 56 j -uLi 23 ^J^lo j-Ljj : Sideral day ill ^j-JI 

^jJI <aj-ojJI Xjlall jl . La< laL£ AjjJ j^jll j^ajVI aj ^jJI <jj-ajJ! 

. (_^jVl ^k La j i«oljJ JIj^I Jok ^ In a jI * nil I^Lc) La Lfl-^ll A-> 

LUj * Ljj-Aj ^Laj 4 ^ am a * t i l l jk^JI J^lo {jj* JX ^ * >11 1 jk>fll JL4» ka.V 

. J^l^ll ^jaJI (juft«fill LAjIj-a ^k AJ^J j Jj a aj (J^jVI JLluI fjc. gjL ^jnVfcll 

<3j-oj Month <oll ***l <^LYI ^Lil j_i£1 J ^LuujVI JLjLa Lajicj 

> ^ ■**> * 1 Moon j a all < 4 K -* ^JLiaII Ij_a ^skl^JI j^joj . L up j La_jj 30 

J*a£jJ 27.5 ^Jl ^ 7 IVkj j-aaJI ^jL» lj^u (('jAjVI 5jjjillaJI jaaJI ^uLill 

jjjj ciijJI jjjj ^kjVI . iili jVI ojL^ jj I j-a <t >jVI J>=^ ajjj 

MoIajJI AjIaII ^-Aj • 29.5 ^Jl ^j^ajVl j^aJI <5ill j*aVl< iiB kjVI ^A 

J^lal Cjlj-li ^LxA JjLa. LAwULij . ^AJj-A J5 La J^Ju ^^Lc J a all j v fla tj£j 
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J. ^.<-11 ^ajVI ^ ^jJI 6jJjil ^4j <<li-ult 6J^rj 3 Ll 4 i^L^jTjfl jftlS 

Tropical Year ^<* 11 ^ * ul ^Li . uilt L_*jlj_* ^_s <XnlS ajjj 

|J) jJlcYI <ia-&j n i\i 11 \ | > t ~i ^jjt Sj" flILt 365 ,24 JjLjCj 

a^pjJlLi Sidereal Year i, » * alll vIL lJjju La JLufcj* . ^U~~ * ^Ojpa 

i-ijLi 4011 <u_^jJL LUIS &jjj JnSll ^UjVl l| ^tLaJ ^ill 

. 365.25 JjLuj 

j.^ jjj fj-*5AJ 365 f 25 JjI*j C >*j Aj 

JS wijjL.^11 j-uSJl L* L*\j . jhjj 365 (<^4lt) L*jL*-J 1 <i_**JI oU aj 

Leap Year LuiSlI <uJL -oulj <1 a^ JS ^1 uil^ji # ^ij oljU* jjjI 

*♦ L*jj 366 JjUlj 

iui *c5L^ t£j ? | H ut 

Lj^ *11 <\j *iH ^jl ^1 jUja 30 j 29 yjj Li <jj_A £jlj^ j | i«llj Aj^ii 1^4 12 
4j i Hi *111 A ir nil J ■ ^ a l <4_*yiJt ^jl . Ujj 354 = 29,5 X 12 iJjIju (<Jj > 11^) 

. LjjJU Lbjj itif J^vL 

^JLIJI ^ <Ijjj jlc j| * * «H 1a*y 

jj « »1 I tS^ijV yJjVt <LUf 1 till jjj j^ill L^-xi ^jJLj <iJ Jjl . ^LVl 

: t^_wLfcjQj Lj^ill II j| -Vi ijiJJj . j^iill 







J*?) Jjvi .(d^ £>^ji .(J ^ 1 ^ *>> tf ^ ^) *h- 

,( ( ^xjjjJI JlojxVi >*lj1 ^I-Lt Jjj) >x¥l £JJj Jljjuyi Jj-Sl^j 

jjjJI <Lx^a JIoj <Lxij) 5j^Vt l?A-4^ i(£UU 4JJj-> Jjj) ^jJjVI ^ 

<(JUUI <ui £_lajj ji^JLI j|nMl ^iuuj) r(5jjjjJI Jjj£ ,3-uLu 

4 l t i jjjj jl y\ ij i^LlaU Lilia ujJlJI of i n ~l I * x< * yAm) £j* * * ■ * 

((Ja^IJ |jl \ l~n ill 4ilddl (jV^idu Jt^o) Jt^Ji i(jJAuJI ^aJI (^1 »La<jJIj 

j 4 am) Ia aJI jj <(V£JI i^iiloj jjJUl fjt. « 0 _i (jj i i Ij JLS) a>ui ill 

. 4JJI Cxu ^jJJ A AaJI 


Phases of the Moon ^>ojVi <ul j^5JI jl1:10 

4 J ft * JLq ujjJlII J-JA-J 4jl_Sj <J J ^ lr>A m « JLjJJI (jjJ-Jxl J^Lk j a fill ( ^>- Q Jjj 

<^4fc l i *A \ ^JJ v_jj*JI £jA Aidi ^vlLlJj 

4 i fcullLt aI^~L <juIjJJ j a fill JjU JU 6JjJ j A ft 11 <JLjLu 1I < -LflljJll J VI 

<LJ JS viUol l »-u 6 jj-$Jo jk-LoJ 4 j 1 i (SJ~ ' J *j < SjjLaJll ^J-.aJl 1 I 4 _i ftlk 

^ o 

Lojj 27.5 JVLk 360 ^JoJLjj ^ojV! JJx jjJj ^ all <j1 idlj j_* — ■ q~j . 4 aojj 50 jl ja a,,» 

* 

4 1 1 11111 ^ 

Jj-ai.1 I Im (Sidereal Period) ^AjVI ^ j « ->'.11 ajjJI al* 

4 # o 

IxAJJ 4 j1aj 4 fl j a \ 52 JjL&J 6 jjftj <^jkjV! J^_zw 6jl *<« A ^-lc Lj_ajj 1 3 ^Jl^-X. ^Uft i i u 

(JVLfll)g, i fljJI lri_j k 11 {jA jT- J J_ij J A ftll ‘ Jjl uoiljll 4-fcl tall Sjjl J 

^kjVI ^Jl jti^ Yt o 4 *m l a * A" a t Till Jjl j i»*i II I JJb < 

j£jJ 1 J-Aj ^juft« nll^y ^kjVI ^ ftftll ^lf. 4 K .7. Jft*ii jl 4 l^Lo JajLAAi #-^zw 

JjalA. JiLl Jl JLjJ^X JiLA ^ ^jVl Jt LJ j-ftiJI ^IkxJJ ^jVl J^=x j^ill 

^jAj Synodic Prciod all 4 jjI^JLaV1 SjjjJL aJla ^c.Gj Lijj^j 29.5 

l^l^A LftjLxUdO ^Jilftltl II JJx ( jkjVI 4^J-2X i_ 1 UiU lUJJ < LuJj (j^AJJ JI^^J 

J« o 

■ 4X»l^ 6jjJ Jpo£j ^llrxj lU jJj ( 27 

. (^oil! <a^l) 3i J. 1 JSJiJI _>kil 
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Jji 



^cJcumJI jjjlia wt umj j, o&JI j «*">"> ( 10) J2i*i 

>»jVI j* J^aU 


Jjli* 





^ H ^_s j n all ,'i ySL> 1 nj'ir : New Moon (jJ^JI j a 111)3 1 ^ al l (1 
>o a i7i II JjLflil 4 i>ni /) » 5L> 9 *(10) J*\*7ill J^A I 
4-al fl~> . <il ^^.le <(J_J) ^llo^a JjLaII 

f 1 * 

l ixuj ^ a ftll > ^Lfl ' 1 a * j-a^ 11 ^ ^j4iAdyJl 

. i ^le Lil 4 >« m PL> 


11a j^-aJI Laic : (Waxing Crescent) jl»u^JI (2 


^1 ^ jlni HI I V I ^ ft frl A A kfl «^L>I 3“2 Oj_a£. 

( (4 >j 1 q a C Sj-^.) ^_le kfl i^L-cJLI *m&JI y* Uq-lj^lj Lj_^. VJ 

Lxa a ..■ 11 i ^ Jjk_t e-1 a ^ ..I| J^o | ^j^JtJI ^A I to 

* ■ ^j)^ ^a-* OjL^JI 4_ijljjJI LiAj : (First Quarter) JjVI (3 

Jl J-a _>-ki-LI c5^J * (90 iauU) j-aaJIj ^.. a . T i I I 


Lljj-^-i j-i-u I 6^-oX, j < (IJ - a l 4 yj v 1 N L D| i^N i7t 

■ ^j^iU <_u-uiJLi J>=i. 6jl i an £-jj ^JssJi <jV 
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CjLJI llAj: (Waxing Gibbous) juj^JI ^j^VI (4 

I Ijl ft C. JU^ C.^ ^4 4-Jj! j j A ft 11^ tali jjli-o 

^jjll UiA i 12-10 ^jA jAfiil _)-A£. * (itLJI 

* 

u-fljiaJI {jA J^La J\ i ~I c-j-^ <j-o L^Li J 5jLi_c 


• ^Vl 




^ J^LII j-L Uaj : (Full Moon) jj-JI (5 
j jJa5 jl uL^dJ bje 14 


6jLaLfi 

igT® 3“' Jl^ J^ ‘e^J^ J>=^ 

^ L^!LO p < J 11 1 I ( I 

* 

■ c5_^ J i l _ r l £ - 

^Jl ^ j^UI j^c. LUj : (Waning Gibbous) jv.n ^aa.Vl (6 
csjjG lt°j-* j a iy O-^JI j-$-^i) f k jf 18-17 

. JjajVI *_fl^JoJI ^ja J^La 1 ■ ^ Q ' ' 

yu iijLaJI <j)QJI Cx£> liAj : (Third Quarter) jJUJI j-ujjdI (7 
21 ^Jb-^ dj^atj i(<Lc.LlaJ! ■ jjLax ^q^AajIjb j -a. alb *Ti 11 

Jb-^ jLuJLI j^UjI <j^j jj-lo-fl j-S ^ly SLt eiLi < Lo^j 

E) <_ Ju ^J_lc j_lJLI f.^_2hJ! j fl d A i-ujJL 


. (&_yl J . 

25-24 6j-*c : (Waning Crescent) ^olll JMfJI (8 

* ~ * d^ - ® AJ—i-Oj lUJ <jjjfcl * t il ^ t ( C jj-lt J 4 

jiVI Jjilj ^i^ ^ i l l 

* 

.. LuojI ^^ajSU jl^lol JjaI ito «j a alt ^Jl LLa £jLlIjVI _^~>j 

. J-aI^ JifcAlJ fr l * All ^1 j\j^\ Ja^J 
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jiil&JI jjaij jiaiid 
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_ :<Lunder Eclipse) j^iJI vijuA 1:11:1 
■ jaSJI (jfc - j ■ ■»" l^iuj i jftillj (jnn i7i)l (jo La ^jVl ^ ■ ri j" JoC jrfjUl uIJiA 

CA* jjl Hill Vk \U ^ wJj-ilL fcjt X* aj > ill A eLul J a aJ) j .M J- ^.Lt Js ■ Ti ij 

*LuoJj| ^_fl JS-tiJI L/ijVl Jt 4 _aUlft 0 JJ-+X-J L y^> 4_J- i ft * nl l j-n 

dA&ii . * 4 yj( 

>jVi a>^ ^ ^ 


U^VI 1 . J-K« JkJluLle 

; (Total Lunaer Eclipse) j^IU 

JiiiJt ^ La^S <SXa.lj <pjl ft "' I 111 Jjic- ^Vlj jj Mfl I r i l l <jl I-I >J {1 

. (jj-itJ! Gj*a) . IjX jHaill jjSj Uj-it dljj . &3lt! 
Jp^lll jl JU *» a ^jiLxa Q^>AA.tJl g-Ijuj c^y .11111 ^Jh^I -U£ j ft til < JjSj (jl yu (^j 

o 

£-LLLjj <5 Jjbu |^un iTiH Jj-i ^^jVl jl J-a 111 n(< "fnKVl ^jVI J>a. 

. aIjLJI 6JAjlI1j I * if 1. aI I a jfll lb JjLtJj ^ylaJLi QL/i * IJI 

^ j t f i T i l t L J»a> jj n ' ><*■* iijLJf tjjjJl 



ix.jMj < Jj-a 5.7 . Jja e-iJI 558 ^1\ja o^ji I Jojj-^q J>lo £-Uj 

Ll-^> cJJjJ <Jjlx 2160 ^Jl^a. ja all ^Iaaj <<x.LJI Jj_a 2000 6^1 ja ^_a j * all 

JlaJI iajj-%. a ^Irfcflj jj\l£.Lujj < JiaJI < aU\a ^Jl J^kjJJ Cj-AjJI ^jA 4JaIS ^£.Ilu ^JJ j Aftll 

. <£.Lu JJoJI < flln\ ft j7j^aJJ i US 

i Ljjj ^ fl >j <jl <Jj <J1=J! Joj(j^ a ^_fl jaj LaJa£. LaIaj V jaaJI jjl ^SjJL» 

jt ^jnft Mill ^JLotl ^jLauSjI uUAiU <—ujj II 6 *Ll^VI 6*X-4j i^aLj j a 4jJ ^yL> L jj 

*La Ij^I <JLaI.VI CUdJuJ jjlS Jaju) ^^j5LJ UMjlII 

. IrtftQ 11^ <ill£ ^Jl <X-liVl j^AJJ 


Partial Lunaer Eclipse jaILJ - aj...^n 1:11:2 

< j h a l a* 4i A ^Ji\ Jlo ^Uij lAjifcj < JlaJI <lln >\a j-aflJI ^yo jaj Ia_Ll£- 

JwLjJ »^^jI j JSiti *All fryA^ll *j_UI lA- 1 J-i-dUJI j^JI < j a all 

■ J^ 1 

JUBj . JjJ LfcJaC Jj^Sj ^1 1 6 jSJI In ft aAJ ^LaLiA ^ 1 AA J A ft 11 ijj I U *h 

(j^LlA UAiAJ ^jSJj (IjJj jA-ftll t '_jj Sj IaJaC.) 2) JS SjA Uj i OA II 2 jJAi| ^jl ^Aa_JI £-A^1 j 

(j^_A O-AjJI y Ai^j 6 jL ttfl ^-A jA all Aj <<Jl JS^fl ^ic ^jAijVI j a aII jI*Xa ^lui a 

Joj-iJu) JaaKVI *UA (J*lAj £_Lt Vj . dUSVI CxA^ll ^jA j^kVI t_Lu^i)lj .*1*1 >KVl 

. CaA^II (jA ^LkLuO If-VI AA.^>11 4^1 Cl. ..VI 
<jSa.II Cj Lflj I u "k 11 J J£. <j1 l ^j LuJI AjJ Jj <laxijll <UUJI 4 jSIaII oLUu^JI Jn^j 

. <\*nil ^A <j jAi <iM5 ^Jl <JA ^jI^jj i^jJnIsJI 



4J J^UA JaI^JI JldJl UlaAA ^JAJ jij jaAJI ^ua^j Ull) J&wu 
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: Solar Eclipse 1:10:3 

u.1^ aj ^u. "ki “J'j U"J^' Cry j a ft 11 In < lA^ (J»a iti.ll lJj iii^ uiJ^j 

: U^-V • (j^jVI (jii n . t i l l 

j^iU jkJi tiku 



<Jlo JojjAJ Uiaii aALJuJL ^fcUl jjnrti all iJjtAiS (15) iJ£*Ju 

(joAJdl J^uiS JleJI > tin*! ilieUA jAkkft (j&ji I £-« jaUI 

; Total Solar Eclipse ^hJ\ l> oaJJI 1:11:3 a 


^ii.A-i iii.11 jj_» *i "kl ^Jl ^ Jj-i Laa <(jAjVl £*Jau-u j-aJlII Jla Jcajj lik. a ^Lj ■ *>>XJkJJ 

< jlIII! dJLw LaHka LaJa£. itill <<j*»jVl ^cia^-u ^-Lc Sj,XJt*-r> <ftlflUA ^J-C LlK 

<jaj < LAjI^jI ^Jl II L^Jjj < 6 jIjl^JI Jai j"j <jj=JI ^Jlajj <£7 l-Aj jjj Jja 4-ILa <j Jqjaj 


• C5J-^1 I J-^I ^ <(ULxa) j^aII jl (1 

jl «(d-k^lj <-aLaIxJ Ijlc. fj] I^ljj-ftl <JLa.) j-a.aH La $ JUJ J jja»jVIj tj uA * t i l l ^Jj£j (l_j 

* * 

. Cilj (JA 1 V-^ LjlJjA 


ul c£^) U^J^ C^" -lojj^-° j^*Hj u®jVl CNf UJ& <j^ (-^ 

. ^6jl i it A j^-lc i A ^ II <IoAj ^A jaaJI 

^ic. VI jfllnj Vj ( LjJjAj <AaAJ 7.5 ~ 4 (jAa La QjIjJj 6jJL ^_KJI juajaII uij jA*fc*ujj 

. <JUja Ciljxajli^ <XaAj < 6 j ti <n <a 1 o 1 a 


Partial Solar Eclipse Jl (J^aloJI lA^aiS 1:11:3 b 

: <jj -Kl>^ u*J 
. (IaLs^a) jaaJI <jj£j a’ 
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i(\a ja IJL^. wUjjj ULk 4 LijoC. ^miuJI li^U iajjw ( 14 ) J£*u 

. .vi,»,JI iaib ja Llj ji j Ijoj j-oAII jtS I jj Jott jail I ^yujA l>..lu Uiu olxlt 


(51 ‘(uLh^YI U* jO uLh- 5 ' <JL*. ^ 1 a 0 m j ^jVlj (j*iA-*iJI jl (^J 

. ^j*> A < till (jo (J^ol^JI JoaJI j*0 ^Liifl J)] MjL 

l i \Ij <LLS mJI ^ ^IttJ LlAj . ^OjVl ^Jeu-u j-a (JlaJI i.ftiAi J o jj , a 

^la^u ^ifi. j a fill (Jlo JoJj -k a j-o ^_uL=k. Uft *jjj l a U %J . jjill 6Xal^ * jjjJI OjfcL 

*lj)-3^1 4 \ \ > l < LaJlo-a pj_^JI tlilj jJ-uj < L^jl£. ^n a xull jja 1 4duJ uuJb <jLfl <^OjVl 

. uL^Oi 1 a! i*.f i ^ m -il (^oftilJl 

Annular Solar Eclipse ^,,£11 ^jl. ^Jli*j 

; JiajJ <loj^J 
. til a ijj Sj j! (1 

(oL>^ LT®) ialil^l J^ill 1 *4 m j ^-OjVIj u .i a * ul l jl (^j 

• Lf^-o ‘T*±>^ <jJ^f ^^ ***1 j*H\ Jlo j J-l-<oj V jl (-a. 

. ^J7jVI <la£j^ 4 *i^ a a <1 a£j JJLjI j-a-fiJI laja£. * * lJ-Aj 
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O iiA ‘(j-ajVl Lf lc. jli-A (J*\ tjx* LJS <-Aj iu ^ o juft..t JI V LAj 

4 I a. 

fi * t * 

.\ i l^o^LJ JL-oVI u-flVI J^t-krw < La La l |<U tij^. ■ . ..^ 11 6 ^aIU jjljj 

a a LAjjJJj ^ A .\£-1 A4U aJJkj <6JLA Jj-a L ij^ la J<A fll <4 j m n iti'l 4JL4JI <Li-ul^Jj 
<uuamJI <JI4.II j jp ^Jl ^Iftlll J^a »1 all II j,V^jj O^Lc.I ft~i 11j l~l\\ u 

jl < 11 A j I < 04 a ^4_fl j^aJI Jl^Liil 6 jj&Uo Lalj . ^ajJI .-I I t gj j3j <£/JlII < 6 JjaJL) 

JJfll bA^bi-r^ll a j-1a j aft II (^Ll-alll) ^^Li-lxJI <^j J j j l*i ^1 \\\ A all I I ja^j-Aj 

. <^dUk a^ 4 .^ L> 

JkJU 



Jikli - Litti ^ ‘ - 

O^jVl J^j V (^jJI)JloJI ^iSin’ia <5jj Ui t^irtiMl ^iiaJI » ^...<11 (17) J&t£ 

^jVI JlaJI » iu*u jl (Hui* 



jljjJJ (jaftuJI (jrf l*j^ 1*141 * ja&JI (jlSj Jiii ( 16 ) 4J&J1 

^JSJ) J^JI it* iJJLa jkjj jja wi(j^ 
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(jjjLajj Hum] 

. 6^jI J i^Vl Sjjlj i nil 6 j£JI . <*IU1I ^ic. : La ^_ij£. (1 

jkj_=JI &Lajl a * 4*11 ^_aJI Jj_a <Jjlj «^a 1II Jj-a-Ld <Jjl j : £jA JiL Jj fill La (2 

. JAl.11 JaA <^jL Jl 

9jaaJI J^yii ' 1(3 




. ^ll ftjttll ^J£JI ^ill «U£. jjoaJI J^lo jJb La -CJ 

9 j7jVI <LL ^ JA ill Jj I jl uiJaj ^jJI ^ a iUijJ I u-A jfr i . . <1 1 La . — 

9 j^ui Jl£ U8j > y^llj >jj 4 iaA II V I jU (4 

° 

4ifti> ^ fjtt a <till 1 4 <i 4 i< iill ^aSt (+27 ) lira JJb l < t i a (5 


^juAj fjA p Luu 4 a * I,lilt ^-A ^ajJI ifLuia CiijLall 4X.I t uJI ^A Cj-iLc I jl (6 

S j-olll (jj^lo (^1 yjii t <L11I 

^i.oi < Lo <1 lU pL t.a-o 6^-i^LaJI 4 X.LujJI ^^ jaill Ijl (7 

9 <jJllll <JLJJI <Jjjjju!i 

<cLjjI <Jjlj CjilSJ ^jVl ^Jc. vjjlia ^ya ^JLaLuJI ^fcLflll til CiJ-ALL Ijl (8 

9 <Ac. Jffi (£ jJI Jjliil JaA. jJk Lai (30 ) ^Jl ai all ^^iVl JjC. 

o 

^A Lai <^J^jjJI Jl Ju£.VI <LVt ^ijji (25 ) JJU ^-Lj La JjAI i na JljJ .Lia ^ L ^JL (9 

■ (^IjjJIj jSliaJlj CiL-LJL) j jjluo <jjlj 

9 4V« nil JJ J^Lk (j^jVl Sjl^aJI jjaTi I jLL . 1(10 
9 ^ a^h ill jajjJI ijC, ^ t uaitjl ^jjJI JjL» > fth-aj I jUL . u 
9 <1 ajJI Jl^la jj.V klxij {ja »i Ai Jl ^i <AaA. ill ^LaLaJLI J*\ iL jjiV» I jLL . -Ja. 

9 ^JjjLlI ^Jl ( JA fLuJI ^i JJlU I jll . J 

9 4flhVi> <^jL» jaaJI LjJ Lj I jLL. —A 
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^-Jjtui jj£, JiiJI j^iaj 

uua. Lb j-aJJj L|_aIj^.Ui i»1 4*JI Ij«XaLlL 4juI J_JI <> I u’ c> 

s^j y JLuJ l JIa <4 ftti a 4_i£lfl l^la^V^ <^k ^ J ILlJ jAiJI ^aajj> j ua **J I 

JjlIj a *aj ^_Ajli1 ^iX lijJI La ( jilj lr> i itjVI aaJI JjlSLi-uj <bji^ llj 4iu i^nll 

# 

I La till ft II ^Jx. JL^a l j! 1 j^nj ^jJl cJt^JuJall Lilli Cii aIa a Jj-aj I Aa. 


(jl^dl) ^josIjJI jMj ^ 2:1 


4^jIjju (^aLLJIj ‘^4 jjul.lKJI 4^-alA^ ^jjj^ > II La jtlJbl 

4_^JVI 6jljU ^ jl i*i 11 <*ll fill ^lc ^|j a. jL iiil jJk ^ i » j ijJI £-il jJI jLSj 4 jjLa—j-uJI 
Ij-ij-cj Sjli amII 1 J a allj J<ifl I till Ij Ji^nj UU "k Ji W aJLl <ij-*_Aj (|>j % Till) 

4*Jj1 ^1 4 n i ni Ij^axi 12 4 j >,aflll jfcpiai Cjj&J ^ IajJI I^IaX^ «4lijAi^JI 6^)jl jJI 

4^ J* ^Aua ^j Lii I A (360) ^Jl fLaaoJI 6jjl J 4 a J.U flj >jaA II 4xwjl <,_>« ii A £aaLla1 

CtAuii jkJ «4 jUuj^J 4 fti9J L^AA ^Aiii t^gjLuU a LuaJ ^/Uula jjJI 4»^jjJI CiAxaij r4 _zwjaJL 

, 4-k^xi^jJI 4 juIjJL 4 la ^ a * u ^jLaiIa I <w <ifl £aj-»-u ^1 <Ll£jJI 

^Jl ^ jaJI ^mJ (J-A Jjlj n. Yt 11 6 J£.Luj 1 4 19 Jjl Ja> ^y> Jjl ^.jAjLJI jixuj 

. JiLSj (4) 1 ^1 4 >Aiill J^lo . itL-u 24 


(JojJI *Laaill 2:2 


^jjLlc pLjl\ ^L - j ^j^.VI 4^L^JI ^Ij^VIj p7"*41 <_Lfll^L ajUI I 

Ijt 4uX-l jj JI ."lift tiU~ll oljaaiAl ililjJL ^Jl i **i*»V ^-LdU-ujJI ^_iljJI jiia uJ] 

k_ijjjiJLl ^llL Ij-aIA 4 (jl n*nll iJjuj) 4j8Jj 4-LA^jJI oLi^jl^JI j^ Jo Ufc4 A lA^ JjljLx 
J ^.41 JLK ^I M ? U-° J ufl *** l l ,3X)-*i Jj- 4 6 J>f^ C^4JI (<-L»LaJI (^) « « M L) 
4-AjX,} . 4 j ^ ^ jJI JaIII jl J qI 1 J_Cj-aj <|k Aik 6 Ja,V ^11 4\« nl I 4 jI Jj j y u 

Lja 30 4d * 3 ‘‘ ^ a v **^ 4 aaaJI «zuis 4 'i£j XA 14 ci >4 s^^aJ)J4 u^Ij^ii 

..-^1 jjj-a ^LaJ 4j 1 ua 1 till iJjjll . L«ja 365 .25 4aaaJIj 4£,Luj 24 


• (e 200 - f . J 700 ) (3e»l) 2:3 


<JJa 4jjI aaaJI ^I^a.VI joiiij o Lj Jaj ^ikj I^X.Un*li 1*4 4 111 I ^ U > 4 a . ..M a ^aJ|I 
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f *i ^yA pULI ^U I^JIaJ) < 4 _ 3 *jLj-uj <La * u b jj lil Cj-»L£j 6 j 

U"*J WJj^ Jj^ (jlj <*LU jJo-luj ^^it j-ftlaj c^J-S t>» ^-aRjj ^-Aj ^ 


: 41i),.u^ llj ^xzJ!^ viiUJI ^Jju IjUnl.l jjjjJI ^ILyu^la 
4 ft<oj a_* <jju tinII ^jbl^JaJI jiifcl ^ j 500 — 580) Phythagoras ^j^j^ctJuA (1 


wi^ljUl oljL^a jlj J^itil l t^jVl JU oil <>» Jjl u^J CjL^aLi^ll jj^lo 

. ^jVI J>^ LoLoj j 
(3 374 — 428) Plato ^ » LMi1 (u 
<Till 5 jjj^ ^ u% jjl^ (Geocentric Theory) ^ + £JI j^^-o ^a c^jVI OU aiicl 


. 4jjjI J CjljLum jXuiij 


j iInII 1 juj! Jjl <jl£ Aristotle ^ . y (322 - 384) (jAj^JUa I^U<*»j1 

<^oL a cj I ja Liu ^Jt ,.i a ~kcl <£jk ^jVl 4 jju^ ^Jt JJJI ^LSlj ^ »SJI ^aIIou> j i < util 

: l^la 


.yi.fl.4 7t Li^l^ ^jLjluVI <^jI LaJSk j-ULlj »IaaJI jflla A ^jl jiajuujl t_fljt : Vjl 

(jl I j-Aj lalaLLft . aj i u ^ H \\r j aaII ^ 1 f- j^ojVl JJo la-=h.V ! Lul!) 


<jLj JAlftl 4 j 1 U£ . Lu_^Aj 4 j£^o JaLju ^lui^Vl Jjl ’. IjJIj 

^A fj\J i plilj jliJI j <->l J^JI ^ ijjjjLJ j-uolit i-*-kjl 

^jJI 6^J) CjlS^pJI ^A 4jji A 4 JI fl J^SU OjiljJI Jjlj < /i I ^JI 

. 4juuiaJI I 4 J 


iHeliocentric Theory ^>^. 4^11 4 j)£ jj> 0 -°i Jb^ Aristarchus (j 

LfJLftJUJl j» xJI JJ <jjlalll 6 j-A (jl VI • ^jVl 4-£j-=ki <LjJL^aI ^Jl 

^jx. j ^jHrt Mill cJj v Tt (jAjVI ju ^JoLa cjLuI ^jaJ <^Ljx.VI jlill 

. ^ A^ tll £uylll ^ ^ \*\ A J 

jl$j)LJlja^llj j dlill ^ lilt jlS Erato Sthenes a Vi/i 4 »jSl jj! (-a 

»uIjj a ( ^>jVl JajA^a J^la j -^ 1 Aj ^L 2 Jju Ajjjj^iJiVI < il^o 

650 ^Jl>AJ L;. W^ 4 4iVI 4 ft J A r \jJU ^1*-J (jl$J ^jVl 
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JLH ^ i t l l l C*jI£ ^ fJJ J>k1 6 J \ f l oJ I CjIj ^Aj iLx-0 

jn^« nj frill J*^*t ^ j a i.ll ^l-A ^A ^lr> < h" ^fcA-itJI 6j (| **-» tluL^j JftiiAlli ijiiljJl 
iJ^la A^1 4 jj»<_£ jJI JkJI Jjk ixLuJIj ^jjJI ^A f.llA # I j jlf - LfJ 
J> Ujl m ■% I 4 J K J Lo ^lx J n-fc "fc S^jVI J^Hjjlj JkJI J | k <AjJLajj <Jj, \& mV I 

. Ifl j*J L>J 



<4 j l^uiVI ^A Lf-lkj 6 ^jV! J_Jo ^uLkAj r li ^ ^J^VI <iol < ** 11 J^LlJI ^ 

O-ajVl jj-i JkJI ^1 6 jjVI <-«^A <j-o xl4j kzwj S^VI £*J 6 jJ—^=^J.I <JjljJI <^Laj 
<J jljJI C^) uL*-“^ LF* ^ U* t A a “N 0^ fj <kaJJI 6JA ^Aj 7.5 CulSLi 

<1a15Lo ^Jj-o 650 ) <^*jjj£LiuiVI^ olj—1 Ca 3 <iL-LI iiUj ^^ixj ^ 1^ l $ Iaa <JjLo1) 

^jJI e^»jVl K? ** * J>l® uj-i ■ &jS LfJil ^J-A e^ajVI k i ^ ■« 4^a>jJ 7.5 ^1 

: aJUJI <a 5L*JL ^^k*, 360°^^ 

^^jVI a 360° 

OGiiO* (jo ^aI** ilI 7.5° 

. J±a 2800 = ^jVl k>^* fj] 

ikiJI ^lx.^J l ^Ixj ^Vl l$_» wAj^jJLI <^i_uL_=JI < aa ill ^c. % 12 jIjxaj jjj3 aJlaj 

jikll JlaJI ^Jx Jjj 1 1 ‘J VI <iJA J5k,ito ^GjjjII (]/a 4 aL*uII j*JX ^-a-LJI 

. jJLJI llA jix 
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d c {JLaJI \lk r u ^ 120 - 190) Hipparchus a»jl (j 

^JAaII ^jLjlL > i\\ I *i I l aLm £uu&JJ J» ^kl < L ~^ k J "11 iij-aJI * ft«tl *t i 1^ ill 

* 6jy ut J-ft jkLfljl JjLftj <jj_ftJI <JL^MJI ^ *k\l| J L~t cl % i<X4 ^ill jl J-ftVl aI A am 
<iV (j un < tj l 5jji^o <jjku J^Lj y . Aj \J& Cjjft Jjtftj ^jIjLaUI <-iflLaJI ^y ^ \ 11 j 

dllfl Cjlaj j» lo Cl Lai <4 \ t nil Jl^lo ill J-iljI CjJlLU iaJjl ^1 JaAt^L ,jl ^Jal J~UJ 
lai ^ a ^ic, ^jiJI Jj jj ■ vil^vil <U_>L^Jjlll j uaill 

L±^m ^ ^jVl jjju U>ij-aj (Epicycle) jjjdJI *illLi , s>Li..^ S^SI j 

. (Deferent) jJI a,^UI aa^I j 

L> ^-il j oI jI« xa ^ $ jj uuai I Cj i yo L> y lo-Li ^1 Ptolemaeus ^ujAjJIaj |j 

■o^jVI J>^ iij^j jaaJIj ujiljSJI aa^j • Lfili-o (ji tijlill Lr ajVI 

a jUaJ jA.jl ( jik cVL) aLcJj Luk aJlL) ^£.J i^jLli Ajljl CjjJ-LjJ 

Llilfi J>a jjLj i <-*JrvI i a y\% H y CjLi^_a j until jjjJjJI Llilfi ^Jc A ,.\ ft* a Cj^-»JlJU 

< fth^ a ^jljjJ ic.jaM . uiiA <(j-Q>jVl AJjaj (5^3^1 <kftj jjJ-J jjjjlll 

. j^VI ^L=JI jj-i L^Jlc ajjIjJI ^jjiI^ V-^1 



^ILu 


jj-j^tu . ^(J£j 
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4 iSLkJI jJhl^IaJI (j-o j 1*^11 j tu L 0^ VI iA *a1I j_lX jLdl 4-oLLkj {ja ^XjJI ^Jxj 

A-uLi^jJI 6jl *A aJI Ci« ^ l^)J A J A ij jj lll ^Jx. X^I jjj C-lSIjiJI 

* 

4:2 

<J^Ij l^oLi »1 aIc. ^4,Ufc jjjj <<_t| j_J| ^_fl ^ ^ illL i* 1U1I JjV | II 4 -l-uIjJ oUiljl 

LoJbljj) a!c l til ij-aj wij~£]l , 11 C, IjAi ^ 111II ^jA l^jfLoJJ 4 tillj 

. ( JjJk Jimll) 6 jXJj ilJ 1 njfl uJ^xll 4 i>%jj La La L.LS will ^jJI (Ll-i^X. 

luaII 5:2 


jfciajilL cJah^l ^1 j -LiSIaJI ^jUa^^Ln <p! a t ull J i^j ^i^kll <i^ ^Li 

r lj-tVl fl ^ aUt. 4 _i A ^ V Ciljl 'V ft il WJ^L-J IJ I ^ *1 *ti II jLa-fll wil *ti *sl 

. jfcjj 365.24 ^aiui cul^j iaj-a 29 ^JLa wujuo IjaaLJL La£. ^ j*1572 < ^ 1064 < ^1006) 


(jA 1400 - 800) g^UIjo^aJI 6:2 


<j>fl tlx. L>fl Ij-uG jk^Luu^jU (jl^ fc ‘ 4 _ulSI JJ 4 i a If. Jjj SlII j^JJ (J/i aLuJLI A^laj Cul£ 

*fc> laJ U^J ‘J-Mj U** AA ^ J t>jb CjljLa^-u J^a ^ ^J-illj fiaJI wklia ^-lx f j * ^ fl 

II aL^j) 4j>j*_Aj y, ■»LfJ^Ia.1 J S3Lw=JI Cilijl ii jJL-a 4^1ijJI 

. r L^JI poJ ^LAaj JV-A 4jjjJ jwfJL^.L=fcj ^ A, \^ L^woj jvfjljL-o 


pUlaJI ^ Ajl^U AjjJAjj »lakII ^ja ( j \ aL nil jat £-a ^^Lj-uVI ^aLua3 <j1 LaS 

klxj ^gjJI ^u^aJla11 ^la^uwaJll uLl^ Ifl *nlj ^ kj 4 o4^jl 11 oJll ^J1 * aC*a ajiij «pI^aVIj 

• 3i>^VI ^Lfxl ,^o 

pLaLaJI 4j i ^ •■ aulll ^^LwiVI jIa cLIaJI » Uaaji^A p iailll JjLS llj 

aM ^rfcll 4_klx v A ^ ^ ^illl Jjjl ^-laI^jI aLa^ * iJoJI v 4ijl^ JLlAj . 

^jU (^^11 JLii ^aaI^jI cij-^o Lj—a. cifl n>^ 44* 1 1 ^,1 j^illll JL5j 

. A=w1 Ci^Jl jlii-u^j V 4 JJI CjLI (j^a (jbal j-oillj ^ nA i t JI 


til AjUJI CiLa-IjJI CjIJj (j^jluLulII ^j-aj 4^a5Lp*uVI 4JjjJ1 j^-a! c*^fl*i**«l ^jl Jajj 
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ujuj' ^ f+i [ \ A i> <Jo^L» ^\S <± \\ ju » ^ r kl l l j ft -* > ^^-Ic 

vllftll ^lc ^a nftltullj w-jjaJI »Llt iiil L^i*_aj LjL ^^Lt <lUUJI ^*a*~i_tj 


kilJjj ^ Jrfcftll Jnj'a a ^jA 6j^al^ <^.jj J|jia ^jajI ili ^ ^ aIJLI < ft tla II J ^ C ^_fl I^J-aLa 

« 

L^Jil UK . ^IKJLI L ^jx. Ua. £ j * ^JU«*«ll ^ lUftll ^ajJl ^Lfljjl <jjIj jjJC ^lc IjUlfcl 
^JLft-iiJI JiVI ^Jt ft *?ill Infill ^aIII ^UjjI <j_jlj jl Jjj t J^ loJI .la a. ^^uAj ^-lc VI a iti 

. ( ^jVl ^clodLAi <jA 6J^I^ JjLftj Jaa 66.66) <ajilll ilulKj 


4-.uLa.II1I cj^I^SJI j^-^a) &l a j-u] lit \ ^ <— fill . ^Aj-j-oJI Jja ajJI ^ i *■** II 

L^jljJlj LfjLxij 1^-jLn.i ill La. Jaulj_a. ^_fl 4 j a n. ill aJLl ^j-uj uUA ((^JJUjVlj 

• UjljLfllj l^ K tuJ 


II ^-ft ^JjJLi-lJsI Jj^jIaJI) aUi U LLK ^«»^7J ^jju-ljJI (jLajjJI ^j1 J a^I a a a jJh 

^JoLaj JoLajj <L<fcjlj_ilj atllj <Uuaill jtjjl^lJI^ aiill ^lc a. i auJIj 

. jlj all 11 L jt»» j-LUlJI JoUj (^1 iJjjlj ^I^jjuuVI Jaa. j-a j7j^jJI lj^\ J 

^LljJlj ^laUUI ^jj\j ^jjJI ^ l j ^ oj j ^LaJj^JI LfijJI ^1 tj-»>aVl »l a UH Jaj 

6^jC 4^LLA I c-VjJb ^IaI uua 4 XIftII oWl ^a j jjKJI 4x.U^aj ^jjaJI ^Iaj i^oa|JI ^>jIj 

. (jljjolllj ^JjjVIj aiSjuu-oj Sjjblillj LKlkilj jkLiJIj jlji_» ^ 

Cu-ft aa ui 1 a lillftJI jj Lu ^ L 4 ol a lS\ 1 a UuJLlj ^>^*11 jjlK ^ ft i ft a II 

; ^ua^JI V JULI JjkAijj ^ Ui I jjb Uajj ^1 4 ^ iaJLt ^ cJlj U »Iaui(j ^a \H 
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ALTA1R . 

. >IUI 

DENEB . 

.^jJI 

FAMALHOUT . 


BENET NASH . 


BETELGEZE . 

. -U 

DENEB ALGEDI . 


ALKA1D . 

. ’ .JiliJI 

SAIF . 

.1 «i. .. 

SOUHAIL . 

. 

ALGOL . 

.J>iJI 

ALGORAB . 

. ol >11 

ALKES . 

.0-121 

DAHIR . 

. 

KAUS . 

. L^J* 

SPICA . 

. SlU, 

TH1JRAN 

.. \t _ , _ ^ 

i _: 


[ Aj a yj~ ^ijiAll 4 aj.\ fill <a£ 1&1I ^jl*JI Jaia^ l^j£ I jj J 

# f 

IjiiaJj * [x a If [yQ \ A ^ ay ill J-i-OjJI IjJ^jIj < Lfl i fl La < L^jUa^l I j ^ -h i jJlU 

ol_t^r>LjJlj dliftJI JL&^a ^_fl jjXJI l^xll I^jLl-^Ij . Ait ^jjAJI 4 jJI J j~ Lcu> 
JHaI Lj jjuj l »1 aIc Jj 6JAa1I ^li^AJkilaj oLjlaj Jjuu^JI Ij aj Lfc^atj 

• ^ ^ 

(gjgJI ^ - f 1500) u^JI ^1 C^jjjYl ^ 7:2 

t^yl^JaJI (jja I JJl-C Ijxl >n jJI »1 a U II > Jj ^ic A *i i Ljj^l dlill ^lc. J-A.1 

. I Jla Lxa^j ^Jl qjLoIj <Li^ <ulkJI 4 .a^HI ju->r Ijlil 4jaU II cjLjjJ^JIj 

:4j|jlaj| J*} (j» 1543 - 1473) Copernicus 

. A-aIj 4jjj 1 J J-A (jl ^1 l^ll A *tlll <J j]o-t ^‘u> ^ 1 

j-ojj '* 2 • ' ^ 4 " r ^) ‘ “ J a mJIj 4 > > . ^jjj CjLsLuJL! J J > jjl ^Uaj^uil (uj 

0 

. ( j--« • “II lu> IaK jlJjj i_j£_)£JI ,jl J^_) L*S ijimall 1 1 ya. L^jjjJ 
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JjLojJ ^UAaIJI 4_Jl ttVtVl frljjl ^AJbjJI L Aj» ^ A J>^ (.^jVl (jljjJ jSil 

^1 j J^ll jjfii If-VI J\ a"> ^1 Lo-a ^JLa-iuJI lftll u.ilr>fl1l J » "■wll I JJb 

^£lj5LII <c.j^u <^ju l+il ^ix uj^IjSJI >1 4ax^.Ij1II jj-u^ (j 

(j» 1601 - 1546) Tycho Brahe ^jUxdl jSjLi 

^.Vlj CjWI j-uUI ^ a m ui^ idjLuxll Ctt^il J-1-oljil Xad jt Vj^au A 

<j1 Ju-oljlil JaiJI ^a <Vi-iJ jjjnif JiLk ^Un~l I nlj £_j*oI^a (_j4jLiJ 4^*CIflll 

CjUljJiJI Jaxii^li fcjJdj ^Lkill OjJI 4_aX oBjXj < ^Ia Q^l ^ <n ^_fl 4. iLlj * u .i 

xui^j 1577 ^l& ^JLa ^ ^.Lo JjaL^ij 1572 ^Jx SUPER NOVAE ^ilo > xaLJjj 

. jJL£ ^ajlj^ak & JJLj ^a ,.l«n^U Uj^hia jdjmJ ^1 I<a^a jcjjll 

(jal630- 1571) Johannes Kepler (^uyi) 

jla-A <j1 ^1 ^Jjil uS>^ <L-*j ul JL *-f 

1 til IJ £Ujil C/^ 1 ujSjS <jJIaja| ^Jj < Ifl LLa lufc AjLlI jJj L^jIj ^JAAjJ (jilft I till 

. ^jjjjSiill (jo Asteroids cjLi£jj£JI j^a j y^j Ijfil x-ojJI » LJu^ ^ua> 

jujdla i jlifll ^^Jx Lul^-i ^ *Ab>j t^AiXaJI dlftJ! ^ la 1 ^uLuuVl Jjl 4 fljfl-k 11^ 

: jjj ililij 4> i IIA I nil <X >a ^jLl tT»j < SjiaJLl 

£-laj) < ftU a 4 J aa^LlI oljlj-A jua aaJI L| juaa jjJj) :JjVI ^^jLSJI 

. (I^jj jj j ^x^l juAilll Jl^j *■*- ELLIPTICAL ORBITS j^iL 
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*Iaj1 (JII a I nil j>Sj_aj J-i-oljJI ^aJkjJI in nJI «jia j ) j^-»LLII 

. 4j^LJuXq 4Xaj1 4 jj I * au Q U» U*aa (juft i Till 

S \yai 0 jVl <in_Aj) a *till ijc. I Ji 9 t UL>^f ' tij\c. ^Inij i.-iSjSJI ^Lfl ilLljJ 

6 jJ^LI 6^ill vli >^» ^jSll A-^JI <la£j) i^yAfciJI Luj»fl ^jj Sj U-U£. <JkSj^ 

^jlill ui«n ^ 6JJlj IT1 ejSjSJIj Mq (^ maaJm JI £>U <A»jLaJI 6j-i ^Jl ^ SjSJl 

CjLuI jIaj <jlj c^jl. ..ill j \ i\ C 1 ^jLuiill * <JjSJI u j J*a=>U. ^jLuu 

: ^-L US ^il A l till ^C. 6J* 11 ^JLXJ^ill J, £-A UiSfc ■ . x ,.[ \T~» <Jj| jll t_jSjSJI 


""? - GmMo 
F = - 71 - 


F = m a 

F= m (-« 


) 


mv z 

r 


GmMo 


=>V 



(L) =y~ :S^I J* ^15 Ltt o^?J 

dt 2m y 

Lc^ia2il <iUJLl (A) j i^jSySJI <1 iS JUj (m)j <wiSjSJJ (^jljJI ^.jJI (L) JUj -w 

• (>^11 ^ 

in A Hjlo -_ tfS * ^-A Ljjlo ^UAuJI t—iSjSJI jlj^J ^JjA uUtfliuj ‘ tliJUJI j^liiJl 

: <3}UJl» Ul-oLj ^Uaj Jltj-fc, . ^iinitjl {jC- 6Jjlj 

P 2 = a 3 

<J-i-OjVI Cj)JXlJL jjuAtull i—iSjSJl AjjJ ^Aj ! (P) 

J *-> ^ 1 “J " a <jS1aJI SjajJIj . <jSUII Sj-ajJL ^j ha 4 t i l l {jc ^-SjSJI jju U^Ia (a) 

. ( Jf* (Jjjlo 93) jIa jjJS <Jjj1a 1 49 JjUjj ^lAA.i.t JI ^jVl 

JLa ^Uj jkUoa ^.J^j-1-ujj ^>>1111 I j-fj pJUJI UJ^lo < * I ^ <JUaj 

J J 1 A ll <tSJI J-SJ-A {Jj-=± t -A^ LA JS Jjjj jjLa-jaJ jl jVl J>^. JJX* J^jjl 

: ^Ul JS^JI 

(M, +M 2 )P 2 =a 3 
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. itS itfjj itS : (Ml) i 

. Ul itS iWo, ^jVI itS (M2) 

. <J-L-OjVl CjIj’wjiRj 6JJ J (J-*J • P 


.<yCUll a i L yajJ\ ^jC, jjojJI J« t UiuJtA * 2 

I t^hSIjSJI <Jj£ LJLcj ^JII n itill ^jSIjSJI < ttj Jn" 

: JUI Jlill ^ US 


Ul its ,> 0.000003 = >>-> vl jjj£ 

illLJI ijllS ^jSu (ijjli Ijla ijiljX. ^>LS) ^1JalmLj 

: ^JtJI JSJJI 

(M + M )P 2 = 4ti 2 a 3 
G 

T m . r UI i^jUJI culi (GXiM=w 

h ^ 1960 - 1642 Galilleo Galili (^Uajyi) jaIJI* 

z' F \ L^_j] ^Uj>>VI <-Sj_^ jLll - k »Ujij ^jlLJLc ^L5 

( j 6 JjA 111 1 ub i l_|J Ojl A a ULaJbl Ijl SJaIj <Xj * *>> kl dfayj 

^E/ <jlSj1 C>^ nj j (SjjISII «. v a~fl < LfaJlS ^>IojJl ijaju klulj ^Uu^VI 

. iimUVl 4 a t A1 Q aj 

^Jb <jic SjJjJU i^ill ^jLi ^Ji\ £t<Ui_u (h) ^Jja *,, .j ^ rJSo^JI IS nfl 

; <jJUJl <j>UJL ^laJLj ^uLuaJlj (^ajVI ^cJcu^j (j^J UlaJ! <xi jUJI 6^i 
j*_ GmMc 

(h + R) 2 

(R) ^ojVl v ^Jl < UiulL I 6 jJud (h) CjjlS I jjj 

c_ GrnMe 

F - 

?= mt 

. GitiMe = m a 

"~iiF 


54 






. iujLJI <LxJLJ (g) 

>xaLuij oujVI a cl *—a iti 1*0 uua i ah) (^^lflJl bj 1 hi*> f\j - x ^ 1 i a ^ 

jJlJI <3*. < . £JI ... jji Jjl C5Lp ’-e- ^ aJ >^j 

. 4 ft1» a JJ-u dLljJj I AA I—to.1 LfJtjljA. ( _j]oLLo l*J JLfij 4o.aaAi.iJ I 

i » lj <Lf Al i] ^AjJ <jV (^Jj^k £-1ij-A JjjA-l) ^Jl Sjoiitoa ^>lajJI 

jLloil fjLt JUflj <4 _ljL£jjlJI CjU^aIIj jJaJI 1 ^lr>i a 6AJXj.fi j a fill In t n Sifii *tJl 6jilftla 

i fl<t>~i^lj ( Jj *a £filjJI ^fi jLaj ^Jk 4 a ~k a 11 jkUllj 4 -lL % Juuj^Ljuj 4_xfl 4 1 a aril I 

. CifijJI ^aLU 4a \%*i 1 nlj JpoataJI JjAjuJI 4a j kin 

. (j* 1727 - 1642) Isaac Newton (^IbjjjJI) jLxlJ 

<4Jj^J 1 fkj4_Lo AJXjLfi <JojISJLI ^Jil Jj-uol IjJLa<=>j ^jaJI CA^J^I frLalaJI ^ya ^jjaj <jli 
JSj-aj ,4-fiUaJ|j <^jl i,alllj iSj^aJLl SjfiJIj <^l*.a rk^U ^1 jJI jJ -aoilll Iajuoj 

<1=lj-ljI^j . A11 j > I ^"1 ^j£- 4lnAil jxti na>VI v fi^la <2bjlo k ( 4_tSJI 

: ^LmJI 4-ljjL^JI jj ili v ^ 1 La£ j y xT.\ a 

^kOfiUU*1^ lr>^ ^jlc. 4aIVTi! I K^JI jl ^jjSlaaJI <GJLx ^ic ^*iA * (JjbM 

A-fl j JJLfc jjLS ijjjLfiJI \sA jxC-jJI ^ If j «4^JUx j j i*> 4^k 6j-fi 4 Ac. jjjj ^JLo 

Jxfi Lo5k 4jjl a * nil ^IjjxVI *•» » LoLc 4 la aj ^aJ 4j^Jj Vjl 4^jjLfil 

VAJ JoL^. ^ic J^VI Jj "X*fc> (jl (jl ( j» jtfiJI I JJk ^ Vk*k 1 *nj ^4JAJ 

.jLaJll j^j-A JXJ 4jj£. jJJJ 6jfi kllllA Cijl^ I jl ^hai all Jj A> (jJ* a) jl.*aA 

<<^1^ 6jJtjll 6J-fiJI j_a ^ykA 4j a*S j ja'ill JjJUa taLkli I ^JlLAJI j^lLfiJI 

6jfiJI Alt Jaiw bLx^l JjjSjj 

F = ^ = — (rn^) = m — = rmT 
dt dt dt 


. p ■ ua II 1 a" ! ~ct ^kxrk 

; J^ojJI ~ ‘ 11 4^-^lil <£.jduaJI ^Jb JjJUa 4 j1 ^ * 06 ^ J^jLauJ 
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dv v~ - v 1 
-► 2 1 

a " dt “ dt 


. aIzwjV! <J jl inflj j\ jill <J ua Jaj j j Jxfl <J£J : £JLUI (jj-jtill 

: ^ l o“J : ^ ^ 

£-a L>JjJo . . ^ i.t VT~» >n 'v 1 a j 'm <Jjl \ "\ a 6J-L* ju *<i % ^1 iojjjjj 

. I(jo iiL-JLl £-j^q <La i <1 »fl 



^12 “‘"^21 


Gm,m, 

F =-!—2 = m. a, 

r 2 1 ' 


a l - G m 2 


■ ^jUI ^jui&JI jaj i l_< VI * ■ il ^jLuu i (a,)^ 

<JUI <S5UL Lf k* e : JjVl ^liJI f^jJI {• jL-: JHUj 


ijjjUJI 6^S ^JAJ <^JLX> Ij j5*yo LcjLujj J|pljjl dJUj 

JJO (.U^jJlII ypi <AiJiLmVl ^jJlLflll (^ULJ ^jllll <dd[j ' (juft < tillj . (jo 

, . *jl ftJ I A. If- (jdjLLAJXftJJ 4 j 

: ^ it<v II 3 Jj£ 

^ IU% II jJflj-e Jj> It J > in Vj (6jL o* f “ « >H L» 
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• <^1^1 JJ ^ ftl l jl aIL . jklji. jL &Jl jl jJjjJI 6J-a.^ ijj-ajVI 

|\ * <l ^ llj . <Jj\ t u fjA *£±J ^ "*l 5j J <h^JI jfll ^ni% II (2)1 ^1 

. <iySLi-*i ^_ya ^J^ll a^JL^o Zj* (jJI ^7 llaut <l7\1l 
; ^jVI cA ujj 

jl (JjIJI 61^^ l jijL_2jj aJI dLl jj (^OjVl ul^i 6j_S jl ,.\ fl i> <j] U^j-JLJJ 

(W) ul? ^ c>jVI ^J^i-u ^Jx. jv i I <xualLi 



0 G = 6.67 x 10’ 11 Nt m 2 / Kg 2 

Me = 6 x 10 24 kg 
R = 6730 Km = 6730 x 10 3 m 

g = 9.8 m / sec 2 


. <AJ jL=JI ^X.Jj (g) djJA. 

. r UJI C^15 

^jVI <1:_£ 

jJoA - A«aj 


^jlj jl jjj 2uM • ujj ^* **j 

. £-ftJ ^Ij Sk£. <J jj < J)-^*** 

: aSUaJI 


: • L* SjOaII Lfil 

: <5^Ll 1L ^iaAJj J^Aia 1 iilLJI “1 

K.E = J-mv\ 

4 2 4- \ 

joul Kg m/sec 

4 4 4 

erg gm cm\sec 
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i-. it 4 ttt ^1 1 5jj *i 11 5-5liaJI l+i! I i ii ^ ^r %jJl 5_5lLa -u 

; 5jJtilt 55}L*JL» ^JaJLJj ^ln * it jt <La_i*pj 

GmMp 

U =- E 

R 

jL^lJI ^5_5lL jLlLcI ^Ji\j ^tuy\\ £aj 5-fll <4*11 : (R) Jlu^ 

: 5Jtlll 5 j^UJLj ^Ui*> j5j . ol^VUI <Jm5*> Ale. 

U = Mgh 

(^jLu*j 55Uo ji yixl ^Jx j^^sijVl ^Jau-u ^aJI ^UjjI : (h)uiA 

. JjaJI 6J^)j . j^ojVI ^tJajuj *UX IjJL^o 

: ail^SJI jSj* 

^J-C- 0 # Li L ft -f >J > 5^jl,.i.u..fl <Ja5j Jj-a. <jl jjjLJ ££AauiA 5JLx ^5 

. <jj^J| <Ipl5j ^x. jj 5 -uHJI <tUI LjLiu ^jJjVI 4faSJI 



m l X 1 = m 2 ^2 .*.(1) 

^1 + ^2 = r 0.(2) 
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m 2 = M 0 = 2 x 10 30 Kg 
rrij = 6 x 10 24 Kg 
r Q = 149 x 10 6 Km 
X 2 = 450 Km 

u> ijji.iJfcJLI 4_KJ! jji jLo 6.9 X 10 ^jLmj |jufl * tiII jlai ilul^ lij 

. (jiio <till J^lj ^Jaj 

: ^ji\ 

^lr»«j L_)l j l**kj ^g >jl J jl jl J-o jS_^« 1 Jjjj ^ill . I . .. ? VI ijll~w>*> 

: <Jlill <35UJL 


L = r x"p =T x mT' 


L = m v v r 



meter 


Kg m/sec 

1*1 }&J jtt* ttjl J|_^a .Ijillj jjljjJI j&j* ijt A»j (r) Jjj ioa 

. *laj5(lj jl j31l <jal5 4x ^ . l^ yCU ^ajJI 

ii a .c.-.k.h a .ki i asiun 

u-»a< »l l J>a jjJj ^3 <-3Ua$ oSj^JI <3UJI ^y JS £>«-a* 


: <Jlill <35UJL 


E tot = K.E + P.E 
= _i m „2. GmMo 
2 r 

Ula-A Ll^oU I jlJLl <jti (<JLui)Gtot < 0 <J£JI oSaillJLI ttUJI cul£ IjU 

j] jkLc oljl j—* p a dJubj CIRCLE 5 ^jI j ELLIPSE 

. 4^r 1\ .^11 j Lo-fiVI 

ILfl ^j5dl jlx-o <jlj ^CL3»p| EtOt > 0 4 jfcK.ll 4 tbSjJLl <_5UaJI Cul£ I jjj 
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Etot < vK.ll d XiiK I tflLLJ! I oLujll cjIjIj-o ^L>w a dJubj Hyperbola (-^lj 
. Parabola ^JLls) ^jIlo ^i^kVa ^iys > * u ^ j 1 ^* 0.^ (•>—) = 0 



: Jll* 

<1 L.J-±^J uUii ~kl ^jVl ^fij-a R i ft*A i J j\ m a ^yX-Lu-o j a fl 

. J » a. <JjjJ . «jKll <JLflUoj <Jjl jil 

^jVl ^x.L l* aI 1 oJaJI gj-j s-jAjJI 6j_fl jjh c5Lh' J j '-*“ * sy t A ^J I jl 

: <3!iLaJL 



. j.^11 <2lU + i^JI UlL = <J£1I i } ^\[<LA\ QIL1I 


Etot = mv 2 - 

2 R 

= _L m (GM E ^ GmM E GmM E 
2 R * R 2R 

<0 

: U)Ui\ ^jaluu (T) (jijVl ytlluJI j^l l SjjJ ,j-oj i_jl maJ j 


y 2 ft R 
V 
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4 flll-n ^ ■■■-«. II Jjjjj ■ ■ 4 i I.M -w I liiLsVI 4 f.^j ... , i Ll^Jj 

JaL. <L_i£l>l£jll 4 ■ Kll <JtUeJI I * llf j 4 »II . ..II 4 ■ .'ll -*■ *11 ^ 11 UUo ^ ■ ■!« ill 

Ll^VUI 

:u1 


J_ 

2 

or 


m v 


2 GmM r 


R 


■=0 


1 m v 2 


2 

- V 


GmM E 

R~ 


2GM r 


v / 2 x 6.67 x 10 11 x 6 x 10 24 Kg = 11.2 Km/Sec 
V 6378 x 10 3 m 

O^U^U jl jl£ (^1 jl (fj tm i ^jl ^ (_$V L»j^UI 4ij-*-uJI &SA 

I fl^LsJI I^jk 6^3^11 jIaJI <4lfaS £yC. jialll XJ (_^jVI <-V-> jL^, (^0 

iSj-a. 4-iUa Sjlj-a. 4^jJ ^Jc 11 4_SUo Xfcllj jAjt tl 

: <i^L j^l |j]| 

K.E = imv 2 =-l KT 
2 2 




3KT 


m 


K = 1.38 x 10' 23 J = cull: K 

T = 273 + C° jUdl <ilkll Sjl^JI : T 
. jL&lL ^jliJI <lK : m 

La JjttliU La JUla.1 Ja^^LLI 

. it^f. 6jl^3k 43hjJ ^ 1 

. Jjio ■ uuljj) qU.i, I <tjxu |u 

. <JAjjLib SjLjJ uuiLj) 4_K (j* 

. <jjjjl^b (Jij ^ ^ ..^e uulijj |<a^| ( j 
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.TIDES dll (j^jVlJ ^aSJI (ju lujLaJI jit CilSddlad 

J 

Jflj ^LaJiJIj jlJIj qLUi ^Jll jj^Jlj jll Jjj J-=J ^ amojjJI i^mtl I j-o-ftJI JAj 

j.t> Hj j a ftll • 4jx, 1 ftJ ft1 jl Jjl 1 o K **i ^k5U j »aaJ 1 u i A A_)-ft 

^jA 4 ft Jo Cuj^ J_fl < i i^QjVI 6jj£JI In < n % 75 ^lnft~i ^jJI 6Loll < ft tin lLxjI^J 

e A 

. f- Iji i „VI kai jAf til ft i ull < ftlrVi io ^ HI 


tjALkAjj jJljjj aLJLI lJJ-ullo Jjl CjJ^wjJ til jkUl v_^Lxj ^jtijt" Jjl dU jj5 jJ 

LoS ^^ajVl Jjali\ Hcj dUj ^ (j-lc 


:^JHJI J^ill 


East D D 



La^_jX- I> A( <LlLl!I) jhqxJI ^Jja OkJj^JI I jjLfl 

.(B)<Lidl JZ) 6iAj(C) 

I Lfl lj . JolLdJI tilt ^LkC <Jl5k 6J-2^j J£J ^jLajJI 6j-5 jl ji-* ^-t-uVI Jjla Jl-aJJ 

J.Af. »l a11 £ IjljjI ^*i ♦^*1 ft (A) Jif. JaJL^Jll ^L_5 j_k£l(A) jAc Jaii ^11 t_t uJU nil 

SkC- Jnj^nJkl <aA ^q (B)<UilJI JuC. Jo^aJLl ^ Lfl y jJali ilUjlSj . j nflll (A) 4 In ft ill 

(j;] . a^jllLa^q j a aJJ jUAil <_^LJI jj-fl (B) <JaSjJI jjkc. frLoJJ j^l ^L*_ul ^j !SLl a (B) 

. B, A^OkUl jlc. ^jl j-o 

_fr 3 J jjl "it JflA n, 11 aLj^q ujl mYi |jj^ U ^ MVa I aQ \j s ^In* MjJl Olalil Lol 

. Jfri till LoS (E , D) ^"ilnVill jk. g-J UJj (A , B) J 1c. jil ^*iftln‘t<o aI^jL 
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0-4 J a fil l JjjSj 604 JiLa. JS 6J-O t ^ *u ft * J>^- j^l ULj 

0 

<lc i-LjJj (53) jj^Jlj oil ijOa ‘(13 ) jj-fciJI 6 jIob Lr lt olj-aj 
oil ijOa. oUoJj ( <Okij 53 j <£.Lwj 24) JS jjljj^j <jloo £»oa^ cJJojj ^jU*JI ^aJI 

. Luj4j <£.L-u12.5 JS jjaJIj 

6-3 jo L 044 <jlSll u-flVjLa.Lt uillaj j^ aJIj oil Oa£. eUJ {j^y xxuA jo Jjjollj 

. oUaj^il p^Jal^ui ^Ic. ^.1041 

jo Ja^JI Caliluil V jj^JI^ Qii 11 ■ aLuJLI pill J7 Lajul jjLi JeuaV^J 

£ja L4j^-k a J fra. <jljjJ ■ iJUiU Mol* Aflmtj jl 4al£. Oaaj Jj ^^»jVIj jaoJI ^^jSj-o 

^^»jVI J^a, j a 4JI jjlj^O ^£.jxu j-o ^< “> <*.LJI jii^fj ^j) ilJI ^jJI t-ijiJI 
. JS* all ^4 US Volfl j L h iiJI j^aj oil ftUx LfJUa > T i-fc 1 u*i ^^jVl (jU oiloJ 

t>° fijll «J-*iJI ^Jl^a (j^jVl jj^aJlj oil ^u-a^iJI jjjU jJajj 

(JalaUuJI OJLaJ <j 1 VI . jo U l ^lo ^aSI (j ^hAaiiII jo <ajoLaJI 6^4 jl 

joia4j jo ^1) jL-ail i^uLaJlj Jjliil s^uUJI jo U j iin V l^jja 6j4 jLfl <jajSJI 

.(jkS 12756 t^ajVI >5 U^iiL-il 

= jc a lull 0 a jj 1 (jkS) 384,000 = ^^jVl jt j a til o ju ^ Ivj wia "k 

. ^ 150,000,000 

Jj -a. *Uj1 j a ill ^L*-ojl ■ > jj* a < &fa aXI jjuaJI^ oil oVL^ £-u*a>j-j Ucj jVl^j 

:>jVI 
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j at llj (j iia 4 a I I jLfl bJuk ^ ft fl <jJ_JI jl jLaJLl jjlo ^A j a A II jLS IjLfl — 1 
aUII « u\a ^Lfljijl ijj£ j ^u--k(High Tides) ^JUlII *iiL» ^ooiu Lo JjjjSi] Ijuaj^Laju 

: US j>aJ 1 J^laUa ^^S-oj U (jll U 



^uaAJI v*-^ i_r“j^*-“ j_ujjJI jl JjVI j^jlo j-aill ,'i »£-» Lojjtj —2 

JS-iJI ^ L£ (LOW TIDES) OiiJLI j^JIj ■ ^ 1 JLI -. lU^l l 6 U 

V UI 



UmjIa J-o 


^Jx <jjljjjJI <^>JI ^-ojVl <iUo ^U^o jJl j j aJI j jll ^ic <_ujjll g-jlllll j^oj 

jLk-JI dUaj < mjUll ^IjUll j*l» Lo vJlSl^VI - AJ-Ij-Ijo lj \(JSiti 

^Jl ^jJj U-o iLf^ij LfjljjJ itj-uj JSj ^1 / 5_kj|jjjJI 1 ^jJUa J5 j UO^ CiUouL^JlIj 
. ^tx. <U JSJ <f>\$ 0.002 Jjjlaj i liajjjj ^Jc. ^jjJI Jjla a jLj 

J>^ j-aUI oL>J J jAj ^11 j-^l j^»U eJUAj 

6jj-a^-o J>A <jj Jjjj (5*111 t>V^ ^ A j-0 (j-ajVI Jja jjJ-J 
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£_e Lujjj 4 i ii t‘i jttll f ’ J ) ^ J (jV ilUj^ < I (] a>j LojI J Ijjjj ■ *» » -«- » ^_aJk_^JI 

J jL^I ,» Luli lylj UiO <J ^jVIj j^iJI > ajlil ^iLUl ^IkUl ^ Uj <4 >^' 
u.L» <( _A)i' TORQUE ^Ij^JI In i ujxa 

. Lj mflt S_»jljJI icj-*-all jLaAj i 

( L e = I E ® E ) 


^IkllJ ^^KJI <£jL>JI cr^ jJI ol-® 

: jU <_Jcj CxiLj ^ Lilli 

( ^m - ^m ®m ^ 

^jLfl <ejL <lnft’i j mall jLlLc) <1 Jj Jij jaj II 5 jjI jJI <tjj-ull ((0^) llj 

juk > (r ) j ij ft all <h*s (m) uua* * jI^ jl u>^* (^ph = ^ 1* )j ^ all aJUoaJI iIm 

^LZk/)JI jl jJ)J ^*i 7k <j 1 gluau < vU. * lljj . ^jLllII ^UaJlU ‘ <Jj^Jl <JkV> ( yc. j. Aft,11 

J.Q lull J^la 6li JL-A llAj (r) ojlj jljjj J>1 -u iLi (Lm)j a ill ^IjJI 

LAjl ^jjnJjJI ^LA l iA Jj Jj jlj^ i Ail 

« « I I lW® ujj -uVI CuLS <^0 jVl ,j1 J>UI ijM Jj V 

. (jVl <-ilc Laa j-aaJI ob <jVI 4jlf Lo_o j ■ 
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: tj-ijLajj 31 li u] 

: <JUI iL^Vl 

9 JU1I jdr. ^ ^jJjLJI <aa! 4 iu Lo -1 

9 dull ^ JU* ^ 5JU1I ,UkJI ^ J£ oLL^I U -2 

. lllr> t 4 LkiJb I ijUULU «^U^a>j ljU iJ jl f^lsu-ujl « i. i Lfl 

9 dUll ^Jc JL^o Cf* ft '' ill I *Lai*JI CiLai t III ^Jk Lo -3 

** tfdj iS J ^ <_*-* “4 

9 dldl ^lc JU^o jjJJlcj jill: (j^o Cl Lai i <ul La -5 

9 l^la IliJLi La aJ^jj VH-q Jn£.1j v_j£(j£J 1 j£jl "6 

9 <Uiiu^ll Laalil Ijlj-a -7 

9 t^Jja JS loS^JaJ VHo Jadj ^_fl jl “8 

9 Lu^L^ll 4*10 n^i ^LaJI ^15 j£j| *9 


9 jj aJI j jll <ci 3 LflVI : j^o J?L» j^-qaLI La -10 


^no.itill ^jC- 6J_*_> ^Jb I—o 


ijl Cil^u-u 6 JS dJ-^lj 6j^a (jn A itill JLj-^ Jj-U - 1 1 

9 4j<loll c>ld^.jJLi 


ia*jj CulS Ijl i_^_fl II icju-u t^MduaJ “12 

4*1",k = 1,38 x 10 23 J / K jjLojiJ^j ci-iLj^ \ o (20 ) 


9(2x1.67 x 10' 27 Kg). 


9 (j^u L (jJtl c><ojVl (jJt JLI ijjij ^La -13 

9 (jijVI iVaJI f .ill < •> J*t‘> JL>1 o J ilu (Jjk -14 

^j-s ijij->j Ij^ ,<^Ly 24 Vjj <&Lui 12 ^jjJI , IJ a ,jlS jJ -15 

9 jjlij 
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. auiaJi 3j<u» oLluIjjJi ^ ^tVtu.u a_> rt i«ii jdi 

1^4 Cjjl <JjL 4.ill) jkl^Vl <j-xjIjJj <_Lflljl Sj^ lalflJ AjjJC 1 ft 11 jkj 

JjjSj jl olj-aJlj jk>=^l!lj u-^IjSJI ^ Li£jl-uj L:lajL*^ ^[ ijlfHI 

0»UI ^Jl cil **">VLi idj_kX.J fji II 4_^j_aJ1 l5LuL^-L~a < a^LaJ A ill ^jIjlJLj Lola 

j <IjLa1I SjI+JLIj ^jl u i^ll Jil-k.ill 4 al~ ^11 4 t xAi^jll ^j_UJli 

. <_ujjl£JVI uj! i * nLaJI ^1.v ■ I j <ulLkll A 1 fl 11 CjIjaIIj 

: Lo CftiAlmil . ulLuVl Cj^JI 


.VI 




3:1 


^aj <fjljJLI dtjSl■ ..hit. 4 a j (il -Tfci\-o i-uoLk CjIj-»-oL£) jjj-maJiJI CjVI <-^jj LlAj 

j » JUO JalllJI 4 t V l iAfl «6JjJX. C)lxi ml 6 jLc 4^k.jJJLa 4 mj* II kij <Jjl a mil jklj_a.Vl 
j nSJI LiluuS| jiJj . (^UjjJI dcx&ll ^aj| ^jxujV^j ^aaII ^jajJI CjI jLfci.il aJ_»,A£. 

Jjj I *ill <1 ol^-uIjj j^Jj I JhJLlj £C_IjJL 1 (jjjl J_ a jij jiiA ilJI Jj_a. jJJ-J ^jJI CiL i^JjSLII ^y 0 

. <JUrfljLfcb^. ^1 dj-4-uLl 

jl <J A'TwVI frj fcAU (oljdfl) <JLJJ Cll \^Ii ^IjJLLuuL cj^IjSU Jj x^> JoLuJI ^jL 6 jLc.j 
. ^JljjJI ^-Lc <_fllc.Vl ^jjJlII jl 4 _lLlzJI ^juJjlfcA*ill ifljjJl 4 ., ..a\ til LVI 


. j*i^Aill 3 to tU li oLuiljjJI 3:2 


j^jj Liu a.ll-w.jII 4 U i ,.1 jJI j^_A ^ a ^jj| r.j .a 11 4« nU 1 i^LJI iijjdl ^_Lc. Va ~*~*j 

. l^AjUfci* 6 jlj^ iajJj 41 ^jLaj^JI L$_uSjJ Ci^Lt-taJu l$J SjJ-L-o 

jklc. . /j*tjJ\ (■ L. ^ *LaC&JI i>jSLUJI ifljjjLo J_i£. fc J fc^jl <JLAilo CuL^ jilj 

^l»iAiiiiL ^jljJI 6JLX. ^Jl 4liiaj aj (^jLaJI jua i7ill »j.uj Jjl 666 

% 

: LaJI ulo frj-fc^U ^jl L^lj 


frjiAll 2-fcAfc-wll 3 -jjUI 3i 1 ilr>II (1 

^jlc. L^lft JS aJj «P ^iaik, ^Lj L 4 J jLe Cil aj * u LjL^wl < All "k 

oljjjj^JI fci|jl* >i ^-Lc JjJjJIj ioLijj j_aJL> jji *.^ I ^JLaJI LaL-c jj E Sjjja a <-5lU < iau 
pj irfTkll 4 ** ‘ fct 1 a 4 Photo Electric Effect Cuji^jj^SJI j^jLJI SjjiUa olAxma^ 

>.llll djjJI oLjjjSJI ^a oIjjjjAJI ^XfcAji 4^ A \\ * A 6 jLaJ ^-lla*» 4 Jjuoj^a ^jJ 
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juA <jllo *Cxy* UjI gj (<jjUJI ol4 auaJI ^jUaiS) SjUlI 

. (^1) jAi dUjL ^xP^\ Uj^S 6 j^j£ <£.jmj ^-aqjjjl^ljj 
jjLJJ JSxiJI US J&flUuJj 6jii £-0 4jJ<Ti u * utli-» ^-kLk^^S jlJ gJLU uiA 



: <i^UJL» v »aJI 4jUo U1 


E = h\)= 

A. 


. : E 

. <oil5 6.625 x 10' 34 = : diiL c^li : h 

. ( <_uLj / JSjU, 6Jj^j ^jduUjj^ JaiUJI p^^fcll JJijj: V) 
. (ii / j*3 X 10 8 (jj luujj ^J . Alllr. j . .■ : C 

. 6 jl iOl^jVl * JajUuJI '•-J. AlU n jJjJo: A 

: iiMaJL f^jJI 


P=_E 


^Ua 

frj 4 All it 


Cum JaU jj < *1 uiVU^o jj Sl* ull: 


: <ji^J rfcll |u 

' ^ iAll 
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1 a 0 . ^ jlxai *\ a ^AiuLLillj ^L(jVLaJJj . [\\ a 

j v a* n^ ^jLo U*nj 4_a>la^ a *' < J jj j^lj-fiJI ^A f-j iAll CjL^-a J Q " j 4-ja^il jl 1 1> I t! 

J iflWj . i) 300,000 ilSU <Cj *41 > J-aljJI In* ii^JI 4 AJil * aa Jojin^k t 

! ^_A 6jlc CjLla£ £j}LL> ^4A11 

tJ ** JI jjAi* Jl ^4 



: la.jU J^fc(1 

^/bjj l .ITi A 0^15 jl TLo (JrCl-A-Lfl Cs^ L* <-iLuJ.I (jc. • (A.) I 4 J 'j-tjts 


g 

^AJJ 10 JjLu 


S-^»j <^>aU 

:3^J-U JJjJ (o 


JJ *jjj • A^^ljJI 4-ajIjJI <QjLj 4_Ug\ ^jJI |> A fill JJX. j-uC ^J-Aj 

. Jpj-A (<_^li / 5 j jjj) AkXr^j LfJ 

(C) <L^JU jlbuHlj 3Xj*4J (j7 

: <jJllll tflVjJL CjLaSJI 6 J-A 6J^I^JI <_ulaJ1 ^A <£^1cla 1I <jLoil ^jAj 

C = X\) 


Q 

^jjil tr^ *All ol JJj-j a >I ^j-Aj £ 1 / j* 3 X 10 = 4-a.jll 5-tj-i-u : C 

• *L>4-M U* *Jl£ 1 j OOMJ ^A La jjtj-o SjS. J£ <£-> fth^ t ^^11 

utfJI Jj-J^aJlj ^ I I JiwIxlJI 6jjfcUo j-A U_flJ i rfVi JjJJIj 

. »_»(Jail * *jV I^j 

(Electromagnetic Spectrum) ^AiJoQxAj^il ^suKJl 3:2:1 

^j-o Jjjill <_Sju_ 3 |JLI 4 1 oLcl « aIiVI j *k<n 

L^-a* VI V a^II <j 1 ^<-2k^ll *j» 1 a all ^ La La. 4 l itil ^JJ 
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. IlluJ otuLaj^^JI olcljl iti^U \ 9 Jnll JjjO 1^) >1 *d"> 

4_Cj-ljj jitVu pLa-ojJ! Ujt aaiTiI JJLo 4 -j l a u T> L$J»1 ^jJL j 

( j^uSI 4 a i til LLoI i.u- 0 jj^i V \nfl . Sjltl £-a ijjli!Lo CjL^jJj Jc.LLjj l^jl VI . il»liJI ^A^fcll 

V Jj ^jil ^ 0^ jju^ jtA^u V 

V 4jjjjIjJI jr l^_aVl jja i JLiLiuiVI jL^w Jjl l . LoL*. 4a*tiV «„>j ^ \ a u~ 

CiLfct * AuVI ftjj lJhO £j_j JSJ ^ $ l^UII ^ " lllj \<H lj . 4 J y AAA ft \t jj-flJI 4 X aIiVI J.U^kJ 

. 4jual^ Cj 

; ^LUI ^LiL-vlU ^juujJL* 4. k aaa, lira I i l 11 pltU iltVI JaLoj ft )j 




jy* 4 


-M- 


X L.U. <JLul1 


JJL^VI ^ > ^A i' i j t ll 


^ Iaj-uIjJI U^VI 

: Al ki* JSJ ^I Jl>VI U 

*Ju" J “T~ ^ (0.1 4— 10 ^) LaL^ ^aiti] 

. u^’tl (1000 - 100) ioiAii <juJu1j (100 ^— 0.1) ^^£1 <ju-til 

. 4tA jl (7000 ^— 4000) <*itiVI 

. (10cm i — 10cm) <**t«) 

. (lOOKm <— 10cm) <jjjjIjJI ij^iVI 
Spectorscope ^ioJI JjI^UI 3:2:2 

* A J.U^I fl (^0 i-ojlill 4_U>J-oJI 4-iJj^JI J-A jl^JI I 4 j « ujljJl <iLjJo^JI fjl 

^jj^SLJ 1aII pill ol^lo-fl 4la LI 4^j 1 aaa^ 4JjjJqj 4 a fc ^11 4 Ui<Ly<VI 4 j(jJ 1 ( jJI 

C3 5 cHO 5 

^j) jCh^ JaAJ-uojj JJ jl . ^> 1 >j jj-juiilo J-a jtf- > JI liA 

4jJjJ Ut« iii ‘ jj^yJiij 4 jJa^a CuiJtj <( 6 jjjS 4jj A ... - j| jit jjla-n Ao^La/) 

. gsui ^yji 
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i^ll ^ ~x..uni ^jJI 4_i,A ^11 <,i.i.»wLiJI 6j^j jlc iljjLajdO a J ii-<^ S jJkLj JluJI 
Lr'! i3>^* ^ j>*Iilll (j-1^ fU f jLiJI 

jl^JVl J-cLiIj ijj^lJJ ^llll <L^ji\ ^jjd 4^.jj_a. SxC.j 4 k *ijL lai VI ^I^JVI ^«a Jjalill < LfclaJI 
Jat£ i> ftilrs ^Jl J_5 ^1 » i m *** * a t Jill In Q i n~ ^xj . pI^jJI I 

oLlSjII J^j ^jAJL-a (jlSLo ^Jl AaJI £j L.l£j 1I ^iAA ~l l 4 > n a ull 4 mj« II jk^-Lj-fl 

v—SuloJI JAUJL1 4 aIajlII 4xuA>JI ^e ^lajj l . ^a. 1 ^jiSLa ^J1 ^iaII 4 iaoiiAiJI 

J£ ajilill bjju*a jJt t—iulaJI I Juft ^ $ SL> 9 . a **iAlxll ^1 J^VI <j^a ^)ljJV-l J^al£JI 

^^^11 J^LJI 4J c-J-ko Jui aj>^=» 

Kinds of visual Spectra iuijJU xiUfeVl £l>»1 3:2:3 

j^ai <4_olIaJLl 4-jaAJIj <4 jlLdL_lJI 4_ki»ixJlj Sj^almll : t_iLJoVl ^j-a aJjit J»a^j 

4 <U1 . .il l 4 t > 111>N I 4jjjJI j Aj| 4jjlaj L^^JjluAj 

4_iUo wUA* . <ujl A 4_fllU jj j^.1 jl J-a ^JJ 4-Jlc. 4-5 Ua jj jl J_a ^j*a 4jjjJI oljjjuiWI 

4-ailail Ou^l i^n"kay I 4 tft Jnll Jo^lxzxJI Lai . ^jjjljll ^j-fiUo ill I 

<JU 4-aUo jJ JjJ y jl Jus d * j U A 4-Sllo jj jl Jus ^a 4_jj jJI oLijjjiWI JLaajI Jjl£. ^* >* ^ 
■ JjJjl jl jjiJI ^^LuuS 4ilL j j 6 j jjl ^L-alisI 4 ^s 

(Continuous spectrum j<Tu JLI uuiaJl (1 

il>Alaj yAM ft *i ill ^Jl j ( j^a 4_ah_^ A I^1L» 4\ i *All ^lollll ( j^a Lcj an ^-^in_ij 

. A ft i ni l ^ u'^ 1 l () ' S'*}} 

<■ LjSJI ^LkJI jl 4 jjLx 0 .ll iiluJI ajlil <1 ?a a*uj a j a " xaJLI ^LJoVI aJJb ^I 
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r.,i , 


a 7;^(oL^jjJl T_fiYl OuAjj «_JL_£ ^UjjJ 

^JllJt i *a* Jjli JJjljJl J nt 1 J> ^ 




Bright - line Spectrum j-bUuJl Ju±>s\ (^ 

<^a l!j)j ’i *i I ft i r* jnfl ^ i t\ Ui i rn ^k. jUlJL L^La/} Ljjkil V g^jJl 1 JJt ^!uj 

(oU^ill o .^ i ) l 3> oAf 

* * 

ijs it* ^-JUhlaJI il"V ill ^ji j “% t -fr if j^j-U > I*J> *^> i_iii 1 > | 7j^fcl,,i ii 11 jLkJI ^Lfi Lt jj i f» J 

fcjkLJI iT> jajlr>"> II JS-ti Ju&jlJUj 4jsJLjl-g ^ i a J-d 1~i ft OjIjm-a 4 jj i^ n JajfJn % 


jU- 


ii M "> |VL> Lj | Up 
























1 j II cUU jjilai a £±o j m'lf. oJaLi-u 4 Jr>^ t_fiLJa 1 ^lljl n tj 

Joa. j^Iju <Li^x vV f- »s\W J -tj> ^) £-11 4 jam-IIL^ *(£J-* 

. j Ai *"» VI 4ftln\a ^.fl ^)JJ£.Laxa (j^lrk-h UL^” 4 £^1^11 . 4.nil.ft 4jftl^ ^lc. ^ 

^Jjlj <4 \ \ I ia^laik II ^juSLi L-ajIj ^iaJU j <rt tf. JS Jjl j-£jJL> ^jJ-^JIj 

J-daJLlI 4 jl_lLzJI aJJk (£jLu£ ji^>k ^1 4 j <^jl *gj Vj 64 j ^^I^j 




JuL 






>-,1 6C 

>00 


Dark - line Spectrum (^>li^VaVl Jl ^IJI) ^tui.t uLlWI (^ 

6JjL ol jLc. 4 Joj_uI^j |Sjj a. ft JI^Lu) 4 >_a-j^ i-Ajl oU>1jJl!I nl ^jX- 

# 

L^JlA-lj ^jJI l fl juuAj ^-A 4 ir>"t ftl I 4 i^k^ll JljIdVl jj^J IjLcj Vn Jffci aicj 

. 4 u.uLua 4 jftj^iaj ^ n Lo jlx O ! jLiJI ^*.ift» 

JjLJI jLkj jjJI (j-ft^JLl lJjL)I <_£jL*JI ^yiiA ittll t _)A .) yJLJ jixj 

Jj i^nll Cjljj OU (jjtin *gJI £-Uj^j Sjl^-a* t^jA Jll 4ljlj^Ok 4-^jJ <_£ jJI) l i i **/i 

V aJqJI <> ( X 2 = 5890A°, X 1 = 5896 A°) iu^LUl 4-uj-^l ol^ijJdl 


4 ftlrfc'in ( j_fl ^jLoil&ft ^jUa^ 4 _lLc u^j^J J i^I -* »■ , T, ^ lfi 1 a j.»a All . o >l-» ^^Jcuj 

f (1859) Jb^ 2 ijj£j ^ (1814) (jliLaJI Jjj jllj ^L-oVI ^j^lll 

. lijiAidJJ Jo^lo^JI 6 JJb Ja*o 1 

ajAa^JI wiUi»Vl 3:2:4 

JojkiJl CjIj i.a f. <lLk_jLJ ^a ^ktll ^ ItimiII jJjJL ^jJI JjuOulil s ftjJr>II £\y> Cy> ^-Aj 

4^1 Li 4 nihil Ja^lrk ^ II 4 j-A UiJ JjLJI ^^.jL^JI ^ajJI Jjaj 4^lllJ(_) 4^oiloll 

JiLa. Jusj . ^j^Vl ^ l 4 I I ^ 4-j=kllj Jj ^. k ^ " C)*- 

J ^o IIaJI jJX a>lU ^jLft_k$JI JjJ aJi n t J 03 I 00 JI 6 j-A 4 _jjjIjJ 

. Llji^aafc (92) 4 jjLoj^JI 

^ j-ooLmJI 6 «XA 4Uil ^Jc. Ja^la^JI 6J^J <jxmlll ^^lauuJI Jjlj 

• ^Ajl^JI 4 1 u^’i jJk ^aIII ^jlaliJ ^LcljSJI Jjl (Jnl-k 11 jo£. (^-oj 
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a_fc£bL^yi ULLaJI uiUisI £l ^|) 3:2:5 

(fcl * * jl ^$-tl Cy* o 4 ^ f ^ >11 qJLuu SjIj-j^ ^jJLj Jj-a 4 i\ 1 fill CiLi-uljjJI jAij 
J^ lo J£ 1 ^ la ^jJ| iSUaJI jl jio ^.A Lsj Jj eJuiaJI ^Jaj 4-JJ^jll Jl^loVl 

OllaJI 4 J fj^j 4-AjLaj La^Ix. iiUoll 1 JtiVI ^\%>a Ltl t ^1 p * » illljJj . ^_Zk_j-A 

J£^iJI ^ J 4 kj La£ jj|j J> JS JX (jikL^JI ^xu-aJI) jk^fcll 1 j a *4ij ^lll l in 

. (j^JUa J> jJlC ^alaC. LojlA <Jj Jj^Ia ^Aaaa ^JIjJI 

/ T^__u / ^jVLj <V* t't-i I <ilUI 



J^kj Vjl 4-*-x»LJj ^L-JI jk^k’tll » friln (jjjlCu ilUjji «^ik (JjU» *LaJaJI 

. (Heat Enargy) 5^1 ^ <5lL ^1 ^>a J>L JS jx (Light) *j^All 

^Uij ( J j * uVI ^xaiaJI^ iS\~\ aVI 6J_l^. £jLa ^j_ic ^a -u,* uiia 

. ^ujijj Lajxj ^aj-o J^lo J£ Aa£. <^JjLlII Sjl^aJI 

( 4 m itil) 6j i 4 II 4 i »^>l Jl^LVI jj-A J£ jJlC. djjJL^ua 4 flU-kll Jjl <Jo^^La » 

^kLi-iJ! jkiu 'k I I tjli I jl <il <la^^LU yajj . ( L^jjljJI j^lj^aVl) *j j j£JI 4 \ vjJLI Jl jLVl j 

:1^1a 1 w tfl 6jlj^k <a.jj jjk£. frJ^Al] ^ * Ml 

• JjJa JS JjlC ?*» ill I <iLUI <w>^ jIjJj Ol ^1 . jl jJj Caaj LxLJLI (1 

. Sjax^aJI JI^LVI 4-aJ £" 1 joj (u 

<1a *, a. L-k JJj J^lll ^ i^k i LI jJ_u i_ij % ^jtfc LsLkJI ^jLaJ^A ^JUJI J^iliH (J/uoj 

* 

I j t «<1 > 6 JjLJI CjI jLiJ! ^iaxxil^j xAll Jj^JaVI ^aoj <^jL 6JjJ£> lajlaa 

jaJLjJI ^*LiVt jj-laJLoj til x ~x] LiLLaJJ ytl« iiVI ^ ‘t^ 11 I , v Qj (£^_aJI 
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/ 1 r ~/ (<rjVL) <iUJI 



Ca^LI J>L 


uj!^)J 6JUJ£. oljn II ^*Ao1 jj| 

* 

^ftj IjJ-i^J ^ 4 ^Lua^Vl ^IjI j-Iil 

laJUj ^jl^ILI I jjfc J*£ »ti > ft J^- 

: ^Jj L£ ulj^L» ill j 


B = 2h£i x 


(e hc/XkT. t) 


‘kJLaj_s_j cLiiLj cijLj (h) j . 'j • ^-11 U. ..II ijui, jj.t j i »*> (B) ^li j-% 

. h = 6.625 x 10' 34 J . sec 

. C = 3 x 10 m/sec Ca^j ^ ■ oJI (c) j 
. k = 1.38 x 10 23 J /deg <juuj j ^(jlujlii cuIj (k) j 

• jlLL ^lill ^>11 JjkJI (k)j 

. ^UauJL 6 jI^^ (T) J 

. (e — 2.78) ^jLuIaJI 6jx.l2 (e) j 

(1928 - 1864) 3-2-6 

■ r M h Lajj A t Lo J i i-SUaJI £il « Ajl dOJX <jj^ *JJ 

.(<Alkil ^UiAII 6jl_j^ <L^JJ I *' 



5jl iij. ftjjl LJ$j 

J|la]l < A 1 9 Oji-IA LaK 

<J^ < *XUftJ J ?Iq 

II ^Jx. jjjjL-5 <jI— j—£ 

-V^i 

T _ 289 X 10 s 


75 



(T) Jjjj • 1 1 *7iV I <jLUI A aftl <LUII I aajVL J^laJI ^ If (Xq) <Jjj i'iatw 

Jj^ jLaII I jjb J I H ftjj 1 ^ i a -k II 6jlj^. j) jl |fc III ^ II ^cJaj-u ^-lc 

jkJftA a JjAl i all ^a»iII ^ itn uaA . L ^ >^lrhiii 6jlj-^ < >J * y 1 * 11 ^ 4 ftti aJ>l (jljJl 

^ajJI li i n l ajJ (jjjl) LJ jufcUaJI <jjJ j. Uoi 6j^ m fill Jl^laVl JoC OLcIji ilil 

6jjb 111 J^iaj Ij^Jj 6jj j^ll Jl^laVI jk. 4 jfcl 1 itiVI L^jLiUa ^Ift* A 1 j * 11n 6 JjLJI 

■ ^?o J (j* i***o Lai . (*1jAa>) 

(jU^lljj - jliilyi ^^115) jlioluj 3:2:7 


UUaJLi ^ U jj ^jJI ij 4-*JI <aJ^lll jkl a ii < * ^qIa jj jliJI I jj& u l-w jj 

4-iUaJI 6 jjfc ija^Ltj 4-j^il J1>V1 ciLaun ^-lfi. ^ 4 <4 -wll J^a 4 \* .till < jKH <ajj. i All 

. jkin.-’k.lI Sjl*L=k.jJ_» <uKJI 

!_L4..4JLul» ^uloJI <L2kLuJLl S Jj-a £« ull 4-JSJI XSLleJI <j1 

. ^aLJI ^ ^ 11 ak 1ft, j ‘.I' £^iojLAjJLi Ijlxskl 4 ^ O^l^ab jJ 4 jljI^JI 6^&JI 

J)IS I jLfi «jk 444AII ^Ja^u <aLutfl *ulu <K |k—i-ixaJI J_j-a <\Julll <jKll 4-SllaJI Lai 

2 * 

■ 4■ ai jou (R) j (47tR ) 11 *»■1~ ■ ■■ <aImu »•*- ill ^jaxt lajj^ » • 'I 

,‘iylill <kiiilji 6 JaI^JI 4-uLjJI ^ .■■■«. II < t!tj --~ll 4 t Kll <iLLJ|.-«■* I * tit *f T’ ‘‘^ 

Vtji 


E tot = oT ( 47tR > 


a = 5.67 x 10‘ 8 - 


^Lfijl^-u Culi G 


K 4 m 2 sec 

. <^IU 1 I a . II 6 j|j^. <La»j J :T 
. jllaVLi ^~^\W jJaufl ^ a^^** ;R 

l^jJI <ajLAJI J^ALi-aJI ^*4* AiII i j£. 6jjLiU=JI A tKII i^LUJI {j* 4 j aS II 6 j-A jjCJjj 

. ^j.i A i. t i ll (L) ^aJlII <^jI JJJLJ 

L a = 3.8 X 10 33 erg / s 
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3:2:8 

S .a1%-*J . t^jVl LlJI J-wal^ll 6*U±i ^ >Aj 

: LfU JJ^e Sot ^Je 

: j^JJI 5 jI^x -l 

> ih % a Lf^ ^ ** 9 jlH 4 -aKJI LiLUl ^1) <X,^Lm jl Jjl Ojlj^ 4^_3bjJ Cjjl jJjl 1 JiKfl 

. (4iajl JljlaVI 


: Lie ^ajJI jju -^j 

4-iIVj 4x^]rw*j jl J^l < LLo IajjJ jL^ LaJ£j <X.jLui l aK I Jjju ^aill ^LS l nKfl 

. ^ 4 II pLAaII 6 jl.i mV>| *llS1 '^. JsII JJj 

. udZji I ^-lc. Lie ^Alll AXj £--a iUi^t - Hi.!™ (B) ^A^klll ^^Iclj-uJI 6 Xui Jjl ^1 



: jL^lil £l*ju a^LuLA —£ 

Cljl Jjlj> <4jAjIaJI CJeuii 4 aI t uft Cijl Jjl 6jlaJ » A■ QJ jl til ^ "V jljjl l aK ^* i Jr» 

. 4jo^il Jl^laVl t ^_le <1 a <la_ull 4 tKII 4jUaJ1 4jjS> 
Lie ^.^lll j-*-j ^iej (LjjL) L 4^llj^l ^le ,\ a\xa ill ^^LlajJI ^1 

• (W^) 

B _ _L _ (gT 4 4 tcR 2 ) 
r 2 r 2 


. Stellar Brightness ^aJjl ^ : (B) 

(<_uLj / 4^A^kill 4_ulj^lJI : (L) 


^aJJI 6 jIj^ 4 j^.jj : (T) 

. j^ill ^Ja£ ■ ft • aj : (R) 
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.(Doppler Effect) jJLjj 53:2:9 

i CJ Loj 1 a a > Li > *" 4 t . V~>1 aVI A i AjJaJl Jqjin^JI JjLi <:Lli V 

AXj-i-u A_flj-X-o (jl^lVLi (jl 1 I rfcjl l <\ i\W \ Q ij^^p 

^ja Miu ( ljU * ill 6^1 it *<) cjj ixfcll jXu^o ftj l aj'j a . lie UjLxlJ > II * >l^p q! 

< Alo Ajl n nil £a l ujjJj jljp ^wol a Jl ^jl Q^aII 6J *T» JjLfl . Lo l_laI^q 

^ajLujVLi iall > A J it, ULj Ale ^al mil jixul Ji£> ^oi * * 1 11 * 4*> 11 6J a m 

<JL=w) <j-l^ 1 oj aaII 6j-»i d»L^ 1 ft K ULc jjj^JI 1 aKa H oL^pJ j j_p 

Sjl i 4 juJI oll^ l .ajle Ll aj^ii j^' 0 ' 1 * 1 c>~j L^ cjy *a)I Cit^^jQ J^io (jl (SjLi^JI ^,1 

6Xu( jlfl ^al i rill ^j£- O^jaJI jjiA4 jUlil Jifj . Al>tj pI^JI ^_fl Cj^aII ic*jj-u 4-Jj W& 

< yj ^aJI £• I^qV! JIjJoI ^jLfl vJJIjj Aal^ a^II CjL^jJLI JJjl ^jl «n V» k , u» .^11 

A^jj.. * All CjLixj a! 1 iiXxi JULj . Ale a .V i nil AjL, xajJI CjII^ 1 ajifc l irx->jJ-J jlj^p CxjL^ 

^ 1 ax£ Axle La-t <Jl^la1 Jij uU^ ^pijVI ^JLc lla ■_ ^aj ^ja 4-ajLLII 

^llpVL) ^ A y\W y ftxUJI JopaaJ Ajj^JLI Jl^poVl j ji "ill ( ^CJbj . ll£L-u g-j i All jJ 

. (Blue Shift) jj^>VI 

*All jXiA a t-iljJ-fll Ji » A aJLJI A JJb A iAjJll JI^VI jLaIj ,.\ A 1 * JJ 

|k^v*ill <jJlJoJ 1 JapoaJI Jjli ( j-ojVl lie (^-v\ll^ ^ x^ajl ji^oo jLm jjI <JL^ 

JolaJI ^ j A11 JL^aj . ll^L-u ^zxlJI ji Ui< L^la ^Vl <a^jJLl JI^LVI J 1x1,1 ^sxl ^ijpl 


I Jb^J A J 


, H LjJI ^ • (RED SH1FT ) 


^V! 


AlL» 


V = ~ c = 
r ^0 


^ ^k \ 11 J 1 x 1,1 j ] JjJL ttJ Alible j ^jftolaJI cW 

c 


^r. ^rn ' ^0 ) 


^0 


. ^Vl ^Je p^dxll j^yoa (J/-, <uiutil AejjuJI ^jple Jjj ; (V ) 

. g^xxll Ae: (C) 

. ^jVl ^lc. A^liil jkAlU AjXxLJI Ja^la^JI J-^.1 A^bjbO J^la : 

J i bVm I In -kll I 1 a J Ji ^ llSL-u (jL£ jJ 1 o, 9 ft jlnll Ja-UI ^jxlAj A^j^o JjJ o : ?Iq 

jijLijj (j il "kll aJ kJLla ^lc. aj u,j *v }HLo l_> v ^JK aJJI jj^b^o a vK 

. ^ililaJI JqaJI j* Ljl! AfljxJl Ijla ^UakJI 
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a><u» oL-ljJI ^^jVI ob^Wilt j*l^bol 3:3 


CjIj-^ 11^ ^jjl ^jC. 6jjl aaII 4 1 ^wjll L$JI>U1 < 1 *<I JnLkA^jj fl^ll jrlj^oVI JJLJ 

L$ll >1^V ill I > ^ til La p! 1^ 4 Sj atiVill <_/j(JlJI ^J klj t_j£ljSJIj 

fLS jUUj .(jj£ll ^ U-*djLHi jSLaIj ijjLi-<ail 6 1 a <-aaLa J>-a> oLa^1a_a ^^k 

dll^ ft . ^ >gJallLoj^^11 l aii-JI ^IoLIaj LOJ-uijjj (b ^oIjX.VI AJJJlIa Cj Lj^ 111 h tilu pLakJI 

. l_l£l^£JI ^jC. < 1 1 4. A AAlVl^ (j -0 ^_l^ll »^a]| 4—kjjJ 4jj- jJI u)1jj^au lull 

olLa^ft pllu IIj-aLLa A il ill ^ Lol . 4 A lA Jl 4 _j^_i jl^jJl ill JllA j 

4»^ljj La Ijol^j . j a i H CjLc.I.».< nVl 4 -j-uI j jJ ^jVl Jj-a. CjIjI J-a jjU 4-ij Li A fl 

k^LiJI 4klj_$JI CjIjLuJI iij-a. J!Laju uLtj * J/k^LJI p L a U JI 
^IkJL jaJI ipIj.a-^ 11 ~ ^ ~ ix^iVI (j^A pj^J j-aJI ^A Jj^-jll pill jlk> ^^oLuaxaIj 

L^k I ^^kjVI ujj ^ iii hl l ^^k -1 4 * “ Aj J>^ l^jVI ^ <j 1 

iLfl »l a! aJI j j * 11 j\?k\ll jjISLa ^jC. i-jjfik i it fall aUJI j\k L cJLIIjj L^_*.a jjjj kali 

j^Loj uJjki-ullJl J j ^JL) <4 K iill 6 lA ^k ■ >1 « ~ Hj fLjjJI JL_=w—a ill Jj. JU 

l (j .i.iii.1 J>^ ^jojVI (jljjjJ 4 jai^La^o 4—uljjJ 4^^-^. ^jlkiJI Sjl jl ^^k Jajlj ^jLj_^ 

■ xulmj <LajHjuJLI Sj^^Vl^ l j AiLflj ck^ikill <iL-ll L^jlj^j 4_tj^u ^uluj 

jl pLaUI jli 11 a ^aj . 6J> ^11 kiulalli ^11 CjLajll ^a JkljjJ oLcLl^I>I . fc «l a t\l 
pLuj 4^iiljil ^ Jjbl ^-fl Si jl «■ 4^kjjJ 4 j a 4tfa II Sj 0 aVl ljtjL^° 

. 6j^lajj 4 jLiH t j 4^ ^ 4 %Ac. oL^lli 

ub^mliU ajn./i^il ^US^JI 3:3:1 

; ^_Aj 4 tkjUoj Jli^Lu oL^JlJI ^Aj 

^jk 11. ku SjLjJI «1 a l a 1 . 4jjL»■* all jkl^jjfcllcJI ^jJr> 1 * 1 II 6jLj ^) 

4. aajJ a II ^lj 11*1-01 4 JsuojI^j a ^-All a aj ^k CjI AJL^J j^JI SjU-lll 

. 4jjoaJ) 4 mi til J^Ll (j^A JJI 1 1 ti A11 (joJI (jL-ltl ^J| ^ A 1 , X 4-Aj^ (>J ikkl 

6p LkVI 4lflLl |3kj^hl 4jjj (j^o p LaAjlJI (jkftj JaJj . ^Jjll ^ ‘ “ aJI 6jLj ^Hj 

*n a ^k p^ * All ^ ^ ^ (^k ujkklll SjtXl XaIajj Sjj-aJLl j^aJL LjjJI d L ^ " -■ 

: (^Ul JS-±JI >il) (TtR 2 ) im.t.ll 
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<JU- UlS 





jkj^kJI { jk 6 j 4 >*a!I JiA^iilll <>j (Resolving power) ^Jil'wll S^a ijLj (^ 

JJ-a^J! 6j_fl Cjjljjl l flK Sjj-i-oJI t*yj jIj^jj . Sj^-^JLI ££*JLj Lf-xjJj j*\ a a V ^jJIj 
."il j~ *" »... 1 a int> (jO-iJjA (jM i o iti ^Jl jku taCJ «dU j a a^jjJj . uij i fall 

^jja Ia ill jJr^.1.11 J^lCj <^JXIjLo jjjXtAft Jii i m i ci) «*i4 4 » > Jjlj ^_1x 


fJLlil £-*-o 1 j jaX. ^j^-fc-o jJjur^a AaLuuj . iji-t < Jjy 1 <aL u h j O 


l^~ ■ . ■ II ^A * ‘‘ ‘ ■ - * *1 ■■■* 


I jl gyj^ jJjXuaj&£ LaJbj-LJjOJ a > V <j1 ^_1c £c_jLHJI JjJJ 

(< u^ jIaJ vZu-uj (6 ) £ya J5l £/Jl 1I J.lf l iiill 11 

^JX. Jj-JUj . (R = 6 ) 4 J < <j A lum ^-A 4jj i u i II ^/JlU JjI^jJI 6j_fl <j1 JL_L> eUjJj 

^ya Jal <jjl j ^ 1 A ^_jJ 1 J Ij ^ ■ * ^ya 11^1 4-IjLLjII JoLaIJI (j\j Ji^fc ill ^ic 6J,.V 111 

Cuj in <ln£j J IffU laJI ^-A ^1 1 4 j i ul^ul <U^olJk. ^Jl (6 ) 

jj ^L uU A 4 X t , ?. Vft* A . > ^j" <J jjJuo jOjJ J< —‘ ^ic. (C) ^UiA II 

<laL^oj CojUJI <JuJuV1 f^yo % 85 ^Jx. (SS" 1 ^ <JtloLuj 6jJJUo ^yo 

IaS ^>11 <aL^. jjJJ Jnuaj (jl jjJI LajjJj CjULJI dJlA £^_jlaj-u Jajj 4juj^ttj 4 aIU a CjIaIa > 

: ^JUI JUJ1 ^ 

c 
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(6 ) JSU ^-IjVI <la2lll {jm 4-ujA (E) 4juIj 4 \ \ » A a <J cJu <JLlA iZul^ I jj-fl 

j ui <j1 JLxJI £ jln*i *uJ V LajJlX-J . (C’ ) ^^aj-Ll! £ja JaI’U \ *u (E ) II 

. ( ^JUJI JiuJI jiajl) • MjIa 6Jj-a-o 6 J-=Jj <Ulj ^_lx. ^~Ua\ll (E) , (C) 



<jl£ t aK l^laA j d * All 4-i4jJjJI Cul£ 1 nK 4j1 4 jj_a-^_jJ! <jj!kjJI Jj3j 

<_i_zwLj { j*'J 4 i j [ a "Li I 4 jjj, j^ll JoLajJI (jo i Aill « 4 >j 4 j Ifj l^laA j i n"i1 gjLJI jaII 

4 jJLjJ| 4 jLU^ll <LlU<JC ^ | 5 jJ j A t 1 > 4 j 1 aC. 

■ L t .»l~l 11 I 

11.6 


(R) = 


D 


t i ^. utrll 


J-jLaJiJI 5j- 1 (R) JjLqjj »Cj\ j- 


jJLi ^xjI—Ajj 4 \ \ i 


4_i-u J_jlJ I ^io_fl JjLoj D 


4jj- 5 Cj-iLS [ aK 6j-jJlj-o (R) 4 iij Cul£ UKj <4jjl j ^Jl ^ ^LjljJL) 

. iijUlU oL-u-uzJI (jo jjSI 4 ilil^klll 

jLS Ijlj Angular Magnification i^La^JI j^AU ^I^JI j± £l H SjJ SjLj 

o 

(3 ) UJai. 4 jjIJj (JOlII jic. ^ fcl^-fc > jfc i u-% II 

45 ° ° 

&JM 15 —-^a j vvCill ^_lx.. ... h 11 Sjj5 jjLfl (45 ) LajIjaa 4jjI j ^ 


...a > OaI *ti all Let iloJl ^JaAj ^ ^ ^ H ^jLfj (j^o (joaJ! jAc. 4-jj^lil 4-j^ljJI SjLj (jl 

: ^Ul JSLUI LaS Jj-iaVl ^Aii^kll 4 a 1 x. (jl^ La* (juull ^ya 6 j l ^=JI 
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jjlJI J£ ^Jx. ^Ij^SU ji «j<^.hH Sj 

: <JUJ| <5^UJL u j uSllI u^qjj < n n 11^ <A*Jall < *j* jaU 


^ Objective <yn«all CiijA 11 ^£jj_JI am Jl 

—-= —-=— --—= jj^JI S>5 

r eyepiece 1 1 i^a*ll c^j^l a*JI 


> Jffctt ^J *y\\\ <Q jj SjJ i4 lfl A CiUj^ <M hll A 6 jfr irf*JI j-^J-lcUJ 

j JjL 6 j^ A^fcll ^*J_u3J ^jl : L^-Lq J t \K\ 11 6 jLjJ 6jbJX ujii 1 * 11 \ J i \\\ 11 


<a! * <t A ^_lc ^4^11 <OA$ uUA «LaJLJI 6j^l-aJI £^Jeu-uJI ^Jl ^Jjjjj 

<jjjJI Jl ^ a J_Joj ^Jl ^ «jA £1 6 jj-t-«aJI ^Lxi CiJ-fl-a. <r*. ^Vill jj SjJ 

: <_Jl2J1 <j^LaJU II <jj^J| JLz^o ^Uajj <-Ia«.jJ l 


<jklxmJ 1 A u<Jl II ^^jftUaJI JIa a 


= i uhll II Jl^k A 


^ >* ^a ^aI I J^-llIj ^ -*- > 1 1 1 jTcJI SjLj ^1 ^a fo il ^ SjLjJI ^j>5j L«-S 

4 flj oL ^jLaIJL <jl^J1 ^icj ^aIU (jj^JbUnJI £^]aj-lJI ^ If I^Lu OlOj-t-Li Cjl^iij 

(j-i^jVl <_£J-aJI ^^LiJI oLiJa «rJI <£^>. <aJjLj CjI^J aJI 6 j-Aj (^^JbltaJt 

. Sjgfol iZ» Lkj^JoJlJI CiljjiOll 6 jljJjj 


82 



JfcVI J ^ II JaJLJJ UjjLsJ UM J 1^‘tH Lk . *U \ A Oul^a > .La^.VI 6J^Jj 

: <JllJI a^UJL jx£lU 

50 X (oL^jJL) font,II wJI >5 = jaiUJ JfcVI jaJI 

a L<idJi oLij^inilII £|^j 1 3 : 3:2 
Optical Telescopes jmslJI qLjjIpJjJI 3 : 3 : 2:1 

: jljj-o-a JllAj 

(Refracting Telescope) (1 

4, * u,\r Lfi aj\n ^-6 jj iSi<j iiJU j<L^k 4 iIf. <_CLoVl 

4 iiiJjJlj ^C-Sj i J k a Jl ^ sk. Jl 6jjl A^aJI 4 jjI^j-LI 4-u^JLI 4-ujjtAll 4 x j.tiV 1 4—oJ^_-*v- iW a uj 


(f) jaj ^_kj . 4 iu jji II 5 jj j ^cj*> s<kli I^jl^ objective lense <a 

4 m.l r J ^luu 4jj£dJLI Aj^ ^-11 jlri\ljj ■ Xj£l I j] ^ \ 11 Aj^ id-* 4 mj ■ II 

aj-j^a a**\ (Sj^uiLl a ^.Lal ■_ijSltill 4 jL fi ^_9 juojj (eye piece) 4 ulc. 

La-AJ-^. 1 ^^*4 Ajlc vJlJRJljj 1 1 ■>■ > **.n ji k nt% (£j&* *^Aj CjIj 4-uxjJI 4 t.uJ.aJlj . 

CujlIj ^4 in * II 4**ijaIL-tj Aj-lI*Li_a <j*aJI ^Lol ^4^j ^jJI LjjJI JLo —q 4.i «,iXi * ^£.Jj 

4j^jl»VI JjLI J y ftL-k.ll ^Jl jl ^La^LI L^sHy] a > <L ^ Aa a 4j^-aj 1 ^jl J j5L*Iu ^LIjujJjOI 
^Jl 4 $ i *\y»J 4uulJl 4 a.4j Jm 11 i A11 t >a^"i fJl^Jll 4 joiJt . ■ .^ iiilllJ 4 1* u t 

. 4-uL^jJi Aj y ^aJl yu&JLi A^-L^.V! ^ij Aj-dLuaJI ^j\jlJI 4j-uJ£ 



j . ,.k n . . ^<...i-vi i 
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Lft^juo JS) JjL-i-uJX. ^yo La I^aaJ 6JA*aj 4 qI" ^l^j] 4 auA II oL-u JjlIIj 

UL& £'J Lr ll>=^ i A^ juT\ * I Jjl,l* JJ < (Plano Convex 

£^i*pjJU 4 t\t 1 II 4 i n J 1 11 ^A^jLb ^Uaj LS JJbl.it> l| aL^jL 1 A^lft J£l 4-AjJI 

. ^JUI JS^JI ^ 



LiJI Jl~i 


fg — 16mm <.>>>r 
D = 12mm U 


uUUAI ^jJI L^a, Jl 11 . ^ 4 iAU'tj jOJ^j 6^-Ll £jiJI I JJb ^JaJLajjJJ 

<J V. ^flj <JjjJI JLx-A 4 iuj fc jj iSjJJ ^ JLA» II j-i-K ^LUjj ^j-CJlj La L^loj . l^AJA *rf"fc~ 

^jJI £^lll jLflll 4 t .1 Jf.j ^ 7^* 11 4 -a1^-a ^gjJjuJLl jJaa-uJI J jj Su utfy (L»J I.M.A 

: (^lill JlaiJ I^>bsl) . Achromatic Eye Lense Lujlll *lkkVI 



<-h-k .rt« (££. <*..JC 

^>UI *U^YI ,> 

Reflecting telescope ^UJI (o 

S^Ul ^ jjJuLa dlj-A l j JjL^J LL^L jj SjJJ olf. 4 -CLqVI (J-AJ 

6j^u3 <jj£_a <lAii $1jll j|.i t)Vl ^yA ijjl^Lo L>y^ ^ aJlII ^jC- jJLaII r j' ^ 11 Ufr*aj 

JaJ^JI JjJ l 5-JJJ ^ j^aV i Lr JLAj . Ja. 1 J (Lfjj^) <Jaij ^ ^>a U 

^AAJ <JaAj Jjufl (45 ) LiS La 5j J » I rf"» iii fl Slj-A ^ J % A < ill <„*. 1 tiV I (3d^° LT^ 
l^-JI jialll j^ai uiA «> .J<^.hll Li^Jul J7 jIa <xuLa <JaaS ^j- 1 j Loj-aJ! ^^•"lj JjI&j 4 » > t iV I 

. (jiljJLI J£*iJI ^1^1) - ^i«*<llfl Cui£ <ijjjfc (Jl ai* > nL 
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jjk LLLI 



i-\‘k jlau um(C assegrain) uj^<<>h 1 q ^jLaj eJllAj 

-Jjf ^«uhll ^7 jlA- <_A>JI ^al^aul (jr lc JuCLJLLfl Sl^jJLI SjJ J 6jJ» <r> 

. ^Jllll JSLiJi La$ 6 ^a 5 lLI iljJLI l-Jj JliLi. 



jjVI (J a»*> 4iij Jlj Loj oLj^uJlJI £jliJ Lo Jj! j^uul£JI -_ *h 11 jjljj I jjft 

l^UL ^luilj 4.4 i4^Lull oL^uullJI <LuJL^uj Cjjljjl <jl^L» ^J-AJ <6 J J x\a <jlL^j CjVLa-o 

Aj-£ < iAlj ^j-Q Lfl ^4 41 L*tj ■■ qM *1 V --y^ i V <j| fLj\\ ^-Lt i ^LVt 6jJfe ^yJk (J^LaL-lJI J 
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£-aj . ^ if 41> fill utj /i*> jl jjLiilll Sj-5 jl Jji ^*ill 6^J jl Ifrj j^Tkll ^-k .a yt 

: Iflo jSjj t-jSJ ' M|ft (J^-l-fl ell j 

Si jJll kli Iffc i I« (Jft l n ^Jl ^7 Li^-i u L -k . (^U^ L« Jl Uj^uuil 11 ^ lid** t n 1 

■ Ulii LoUl 6 J_^=kJ! JajliTi I Vj »j| I s\ 11 t 1^.11 SjJLaII 

La laj 4 *uj all u*aj 4 t\ wTill 4 mi i II ^La^j ^a < All ^aj ^ ^-*-ul^J! 

. l^ -d-ii.it ^lc CjLcLLkJl ^Jja Ulii. i LlauI ala (JL^^ Jjl *-*>JJ 

11 d t ...\l l , z J y Jj<- JLajljj-uVI , ahll d >1J oil -2 

^J_» dJj^j AJjaJj 4^_a. ^ya Cuuj ^jh^IjlJI x g fc 11 dljll Uni J C/ ~ C ?* ^ (j-o CjUjJaJI 

. (Jxa <jjl j ^jjd ■ *..t~i 11 6 U:| N ^I^aIauL) l$_> 4_>UJI 

. ^uulSJI ujildlllj 4ujHa (^ n-tfll 4gg^jjLfi) UJKill Lull ujjSldlJI — 3 

I4-. ^1 (Chromatic Aberration) 4-ujUI ^uSUJI ejjiaJill ^llu -4 

UJ^uII l ^ \ n -h.jj . 6 j_j-uLUI QLljladllI 6 Lj a Jl ft CjLmdJl 11 

. I *1a J£ ^ !>*>• La.jd. dJ[^ (Spherical Aberration) 

<_a.^-a J^lo ^_lc Uutjju <jjLflla CjUjJj *lAJI j i i^L CjUjJaJI < jlt Jqj ft * n lk£- 

jjJI ^ i All JU" > (iij^a) <-aV 4 . -■ v r ^_lc ^Ajil u-» Jqj ft ja <JLa. ^JLfl . JftSl jUI i^ill 

jj^VI ( j L _jUI <Ll 1 _i . 4 i iijl II <LujJ d Uq\ AAfcAliJi ^ Ul ^A^JUJ < J1 t^>VI <jljj^La 

U jjjjVl i^kll 6 j V > IlC 4 u it d , ■■ v r dU> i i.lIj^laj I jLfi j-a^Vl ^) » UI <Uj ... 

^^1 4jkjlo Cjllla L^j J^jjLl ^_fl f.Lfljj 4 *>j ^ 4 UVX ^^\ 11 6 jud 

; ^JUI |J^ JyJl jJojI . 4-a^uolj jJlC, tZjjjua fjj^ JLA 



^ f R f y f G f B f V 1 J 

* ■ laJll 4" _ ta a ^ - ■.. * j II jjaJLI 


I I LoJbO^I jL^alll ^ya 4j^j_a 4 4 uJf. ^1 jUml t_jA 

\<j 4-t^Lua-a C/4^>JI ijJ^A (J^a <X>A-c 

^^1-fc ill <i^j4 OaJt 


loA ^iUJj 

6^yJLla ^Jjuu a 

oJ*J^ cWo 
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2Uj^SJt 

. La^yfl y^yi jj Sj uj% (<jJ^1Ij AjAxll) Lljll CjL-u JjlJI ^ja^j Injj 

Ou>j *AII A ji *tiVI (jl i *h . 6J-^.1^ <la£j l ^.a.jla *u ^_lx Jail mil n«>ll ^ > a Yj 

>- )-AJ ^jJI A^aJI <JL-tiiVl f^ya 4-^jXt jhiC> 1 4-* «J» II ji£j-A Jys AjAJU ^aj ^jJI 

! ^llJI itill ^_fl Lo£ ^zk,^o JL^° £jI 3 <JL^VI Cxil^ o\j 4 n. vi H 



jJLxfi Jv aji <1 ^, v » II <_a^1 t jja <_=wj J£ i-.,ia.*JI I j-A £_IL*jj 

. L <»j HI JSLu.lt Vjj (Para boloid) 

200 OlJ-A jJaJ ^ju£lx WJI itb Lfrla ^JLaJI Aj-dtllll 4 a II .".1 , ..hll cilLulj 

✓ JI 

^.Ix. jL^jVI ^ 1948 ^Lx ^jj Lijj^ aiK ajajJLI oLY>1I ^_s 4 ^1 

. 4»j-ojj 236 4j]j*o ^1970 

wiL^jVI l*M » A ^LaX I 4 IA J£ A A ^ A 6 j $ CjI^J jl i A jLx ■ ijlulillj JaJlLj 

^Uj j^j) 1 Vt n ^_lx ^jl^j ■ fltUII 4 a . a JILg 4 k^lflJl 

AXm ^Jjj-Ajj^fl aJ^-^. 1^ «4 ah^ a u)la • ?, j A1 AJj^j-a A&\\ La^j j \j 4_»jlx 

^Jl <AJjduoJI 4 a .»( j nA LMk JIoLjiI j] JajLmJI a \ 11 c.^ X AII 

^Jx ‘ ar 1 , A"11 4 . wl ^ Zjfj yl i La J JX. u-flxl <A u k >j^ OL>jI 

JojA^u JUX <^=|LL <jj^JLL4i^A <UiU ^ix -ajj Ajju£ CjIjLu 

ol^J-oLS <JaA4il^J jjuLui^i jvL 0 ^ic, I 4 J 6j^LO JaUlJI ^4J ^jJIj ^AlU lJj 1^ lix 

. 4jjlc 

Radio Telescopes jJI CiIjj^m ,ttJl 3.3.2.2 

^J| 0.01 (jj\j La jJU ^aJIj 5jjjjIjJI CjLxLslaLVI JLiUjajV ^jjjIjJI uj^«i I tv 11 ^ a«^> 

Jc. J ^ 11 ^j-A t aU II ( jSLajj f^jJI JI^Jo jljA~^.l 4 ^OjVl Ijix 30 
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A i >. 1 a a ^_»L_SL-l-o (jx Cj Lj< a j t fc 11 jjAij * *' ^~J) < A a 11% 11 ^ J a u. II j Cj I j, 11 ji 

i ilk ft~>L ^jJI LjjjI Jl £ I^_aVI g. 4 ~ a V UJ ^UJI ^ Aliit J X ft a J£jlL ^-Lc. A 1 < 1 a 

Lf^bf^ A***- 0-* jj <*S>J >=>JI u-° 

«■! . * **■ 0^ ^-il>11 ^b-fl-^ fj^di cjLaL^jVI ^ irt ^ ^ jljJ J£jj* Lr ^ 0^J A ^ -° 

AxjLij^^ CjI*A jj ^JJ ^1 ^-aVI 6 j-A ^ " > ^uSljJI ( j-'k J^ill Jj-C Mft Uufl J^J Jj (^jJb ^*^1 *«» 

Ifl a IjJhj ^J k ft*I A. al 1 ^J1 <^>LJ) A^Lj^I CjI lA ill I A l -v < 6 J i.Lll 6JJjJ-A 

La^ AjuLJI A iUA. il i j\JUo ,1a, a j ^_Lc < ul < ujljoLi*jJI AxLLlL ^_Lc J_» 

(J^V (1^ ^ 1 I I ^j£- ( <p ^-*jljJI V ft h ~w i I» A Q.1J ■ 

ol aA li ^_A ^J_> i a i it 11 11 < i al^ c 5j^. uua jJ _ilt ^^ aj ^iJI CjLa^JjlLI 



. ISjj^I / UiuAji 3aVj fji 300 ^^jjIj ■j<--^ 


^Jbj A A A (JjJLhJ 6^5 J Jj-^=JI jatA’l A4jj]aJ ^Jjjl^1 ^ A 1 A*\ 

£j_ft ^Lc*i-zJ A_JLJI Jl ^i^JllI JaL^j 6j_l^ 1 liA 

. ^jjjl^JI ■ **JjJI 

AjjjjIjJI J^Iq X (cm) 

R= — 1 ---=- 


dljJ aLU AjjI A*nil 


ujIaJiJI sl^-o jJai D (cm) 

{ja aJu till ij^jjljJI ^l^oVl <5lla ^ 1 ^ i-Him Aj] Lo£ 

. ^ ^ II d^JLk^ AjJjjl^JI o Lj^-Jlll 
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j JSj (jli* jjjaII jJ! (Jj^.1 jlll ^. ^*v i ui LiL^lj 

jljj3 llufcj *Cj1 \\ <JLuLi <il tufli ila jJiil * *ib jj Sil* t ^>> 

* 

. al^JLI jJo^ ( j^o V Jj <UjLJI tibUJI ^_fl 1 /uj^ i Jill (jrO ^-flLuJ.1 ^uLljII 6j5 

A i A fill ^_d j ^ II Ciljj jjl—j-tfJI ^i-*j (21) jl^JI JauaJI J-JLjj 

. La »i <nOj Cil^aJLl 4 jjj!^jJ pii <i~^ 11 

5JLxll 4.ll,LThJI ^ioLli.1 6jlc ill 4 XUII J^I^aI] uuulill jLul^I SxC. 

1^3J)^ I 111 "til 5JL* ^A l a\\ I ( ^4-0jVl < fl^JLlI jj 3 lM LajI. tfc aV) 

; 

CjI^LjJuVI^ <^C,LlJeu^VI fthll J 4jjjjljJI CjI jL-JjVI ^jS- 5 ■ \ i it 4 ilala jLjHj^.1 

uuaol 4 ^lallLI Jlo Lilli ol^lkll Cil^Jj-flj 4 aU’iIj CjIjI a < nil <j£LuJI 

. 4j^& 1I ^IjjJI 

^I^aaJI Ct %*i 3jutVI CiLSUoj 3 t<loJi oLmljjJlj fltAiJI CiLi ij^uJill 3:3:2:3 

. LoL^ 3 juu1j i jiS 1 iauilj 3 iAmiL 3 aJjVIj 


^j-o 4»_u^ll 4 Slaill Ja. i iu ^jL. 4 , .X«\t I jl 4 i a -^.lll oLcla 2uVI ^jLi ^Jju ^j^li 

jli**j) ^ iAjVl ^ aJ| uJt^LaJI j-lLajj . 4^ JjbLlo J^ojJLjJ LaJjJjx £jLk. ,.vLtt~j i fljlaJI 
dllj^j (^jj"i < <i-%*>1 3100 ^ja J5l ^1) 4 lumllj 4 a\ * j^flJl CjLcLjlIu^LI SAxa j * f (*LLI 

^1 j 1 *i ju<l j^ajj ( Ly<A j! 40000 - 25000 ^ Ij ^ ^Jl - > ^ ~ 4 % * ^<V I j * * ^ 

l> cA) 5 oM* I jj • taaj Jjlj <^43jVl ^Jc 1 ^ «iiLil <i^La_*JI 4jj<^ ill CjI tjSAjallll 

c-l^o^JI " OUiiSll JollJI ^ flki-tII 4_i_ulJjJ ^UjJj ( 4 ^^L^j uiLAijfc tal 1 ^‘1 * dU j 4->^3U^Q 

^k.11 ^MjJI ( j^_fl) (■ Lt^UkJI d> l>j\ * 1 > 11 ^Ija " *m\ 4-LXai* ftVtll 4 a itiVl 


jl (747 g-o^iJL^) 4 ^JLc cjLcU^jI ^_Lc ^1^3 ol^pLU Jt a ■ 3 m\ ^-jjJq dJJjj ( 

. oljlj-A Jjjjj Jjill 4 .r I^U^Vi jLa^yi jl ^ejjl^i^aJI CjLj^JLJI 

( ^ic Q Lj^juJj ^Ijaj xaiLi Aja ^ II 4 x iti VI 4_4-ul j J JLa-a ^ »Ul axJLI 4*ahjj_j IaA 

mfl> <jjj^Aiilill -s^Vl (. l^o-^kJI 4» t til <±jLaojl 4 K.t. a ^ya 1, A all 

jJ-aVl 6j-A 4_aJLxlj jl aaJI jl ^ajlH (j^o LojliJI 4a itiVl j-o J^.ld33 ^jJIj 

o 

jl ( < glim 77 J itj [j« IjiII (Jjl iii i AejJju 4 J**j1 Sj >VI ^ 
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4 * i mV I Jl iVt i „V t \ AJjjill ( 4 ft lino 4 SjI^a. ia*jj Juc) ^jJo^JI JjL-u 

. pi iAftll pljA^ll i.Ik~k*t 

jl > fl i<n ^ya pi ja "J1 CiTkZ <JLxiVl (jfr 4ft Su\Zl\ £uOaJI 6^^a.VI (jl jJL jjJjaJlj 

^jl^j jj^a Ipj^, J£LLj 4 1 4 l xii jl^o j^o (Tiny Chips) *■ « *^JI ^Ja_&JI kj^i6jc 


^ljjj . 4^Jilill 6j4*dk^ll 4 _juLj^ < \1I CjIjLJuVJ 4o~k 
lj_a. 4_3L_ajjJkl ^jLlltl ^jVl »lj a ^11 Cx 

ul J} A j>Aj • ^ ^jk>^ * 

^1 JaI 4 ill k fl <4 ia * ii fl u 4 X itiVl jkl 


LAjjJj J^ rfcn 4fjL^$i 

j^iVI r h V ;^L 4j<UII j^l jll 

j J5 j (^ 3 SjjLxlIj 


^1 JaI 4 ill k fl <4 ia * ii fl u 4 X itiVl jkl J -k.\ aajL> (j + SJI 6 jj^o 4j>oljjJ 4 i inilL Lol 

jl f,[ ill d^klx. ^C_k )l )_U3 l lo ~k*tj 1, V. ,kl I yjjUA (jo 4 jj— i^a> Jl pLj^ykllll 4 k itl*» pL^kuh 
I ^Jl L^JjuuV Lfl^Lojli fli iiJLLJj jA-flJI jl ^jVl oljl J-o ^4 Jjjj 4xX,txi*ia jLoil 

Oui bU 4aJl_£. 4a-u<l^ul 4 J ^aLsk P^Uo ^Jl 4-a.L_^j 4_UJ) in 11 ClLj^xtkljJI 6 jjfe ^^I rk i 11 jj1 VI 

^Jl ^4 4 jii luJI oluoiVI jjL-al 4 LkiulL Lol TJj ^^I(4000 - 1200) 4 j ^ * <> a\> 3 ljM 

L^la jlLjJJ jLiJI 6jl4_a.jj jJjj ■ ^ f (Supernova) 5j ^ k " o Jj4 ^ ajLc 

£-0 pikCkiil ^J1 J-ILj ‘L^aLzk CiLj^ a aJj ^1 \-v~ a iil ■ _^ d" J uljilj '4 illao 4ajJ klo ^Jl^ja. 

jjx jI^11 ^Jqjlo ji < 4 ilidmJI 4 j^SU 4 1 n£lfc oLjii-at plli Jd***H Cy* t_> u - A J 4jl ^JjlII 
(J I A * * • jl alt j^o 4 j 1 VI 4 u t, a j.II 4jl^lVI ^aIaj 1 ^ aU« 4ilu ull 4_».i t<^Ll 4 >t a5vll 4x4 Lqj 

4 t III! Ja^ A I it 4jjI j jj lj k >^ ^ » I J_L_a. 4 Q i A j) Jj| j ^Ja4 J^-xZi ^lc ^*^1 qjuu 

. 1 A JJUj «4Ja4j ^4 ^ a a JU I V ^ Sj-uL^o ^o ( 4 4.1 i t<V I ^ 

ftjLuil ^Jl 4i j-*oAju jj-flJI jl 4ali pall 4 i it<Vl -k *il IjVxaJL^) 

. L^-xfiUa ^Lij «6 JjAC. CjI'JA a L 2 k 4 _ajL»^^ 

l d * UAJ 4 ^ jl jjp4 «^jyUI pLx^aJI j^o i^jlUl La La. 4l.*t<] 4xuljJ 4 w^\H . Lol 

(Jxo Sj t Ul o CjI u 2 ^ljiklu<l j^o Jj V k^li jJj ^Ul ujl i uhll Ijjua 6J^I^ 6jV > 

4* aii] Ja^Axu Jiftj jj^ lL jl JaaJj ‘j) lift I jl jVI j[kj 6pj1ao Jjlj >=^ 

J^ui oLjjjUVI (LJLku oLj^xUIj 4 1 cjLfil ^Jl jLiJI jjjGj 1 djlr- LaL=k 
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JaX \ ■, V Qj . I 4 J UUJI Aiijjj < 6 -W If CjIj-a ' A_j 4^*1 (_gj ^ _t <-uL^S 6 jLuL[ 

»LAa 1I ilt^j) <_uJj jI^a (j^o. LUt Si *nij ^jGj S i\ \\i n^L> < Li>ljS 

. f LVl bjjt ^^la.1946 (klc iilajVI 6 aa JIoj (NASA) 
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3Lw*i) 


: <]luiVl 

^^La-i-uJI <4 j o til <^4 .u v ftiUll : ^a JSj Jj infill La -1 

, ^Lj^M (iiLMJ) ^ i ^\ a 

.4jn^ *>H ^LLVI 6 J 4 J ^*imljj l^ jlc l^hrf*fc^w| Jjl (jA^IaII ^jJI oLqjJjuII Lo -2 

S l^ia ^jjj s iiSj t_flLlabU 4 flitch II La -3 

4 -w Jo nil I 4jjIj_^ 4— 2 h.jJ La ^ \ A—jJj| 6,1 am jklfffcfcV JjLLLI ^dbjJLI J^loJI ■. ^ ' -4 

9 £)AJCa ^gJa-U-ti V 25000k 

4jjI^a. <Lzw^ J j aa. 1 j^LaX. ^^ij ** olU A 1 0 4 4 iaJaA*JI 4 jjIjj^ 4_a^)J <u 1 -5 

6_l_^.j ^jA 4 A ajuil 4__fllLJ!) 1 0 ^ > a J£J ^ a akjjl g\jlfi**4 H j/ut JjjjLa 2000k 4 j •> In mil 

s^L^til 


S 4j jLxll til oiLklol ^_fl LjudL^xal Ja^ia^. jmflj eJLiSt "6 

; (1 m) 4-»lj^0 ^laJ 3 a (4m) 4 j1^jb) j)b£ A uJ^aaIj '7 
. ^ a^kkll g^uaJI 4 tm'tlL ^jIjJI ^1 JjVl 6 jJA JjjIa ( 1 

S La^ t ^a (^/uijlila ^ <u u-y JjlL^JI ^ic. 6jJA 4 J 1 aQ 1a (^j 

9 v 4 1 A til I 4j6bj1 {ja ^LlJIj 6 ^ujI^JI CjLjij-LitJI ^\_» ^jjLS -8 

S (JZj A ^' ^£1a ji^ji v mullll £A^Jkl ^Lua.V 4 iiuLil JajjjklJI ( ^A L -9 

*? f LaaII ^a c*Lj^Ji1 I (jJlu I jll -10 
S I 6j-uS 4 j^j jl jJI oLjiuJllI ^JL«/tl I jll -11 

^j^iJI im >11 Ijl 100 6jloA ‘ )jldUilll 4j_^lil 6jjj-*aJJ £jlill JA t^tll utm ~kl -12 

. (jljJ (2) ^^-A 4^i\>AII 4 . 4*1 Jail JjloJI Lai . (j!ujl (400) 4uuall 4,4 -xJjlU 

9 ‘ k ‘1 IjUj s a^\II jToJL jjoaaII La -13 
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gjlyljldtflt 

a* 4 n*tt 

4:1 

6 jLLI ^jA % 99.9 4 ^Jjli) ^jllA i ?> II ^-A v < i*Al A JyJl < f J A 7 -11 1 fl-T di 

JjjJjJ • djLJIj ( <£.jAaJll ^ 

^_fl jJL) jli a ^j-L^Lo JIA V1 jl jllj £-lo^ ol j) 4 \ y iIa! CjIjI J—o ^J> j>ia *all 

<J (b) 6^1a^ * i t m ^jjLi^a j^Vlj < (h) A^laJ i»imi jju£ Lii^l ^yxj^c 

^ lP j * -Aj <l> ^ 5L»JI ^ Uti l jS j-a ^a J ^ ii* l l ^ (0) <IaIjJ!j . (F|, F 2 ) (jlj j^>j 
i ^a cjl^iAlil 6 j-A ^»^)~ ^jJI <5}L*JIj (0) ^^LJI (C) iiUul! 



j^^ll ^>laJ — ( ( juAiiJ I ^j£- JAj jJaX.1^ + ( (jiiAdhtJI ^jC. i^j^j^JJ JJLi JaI) JjI Lq5* 

^AoIaVI j\ JudJ jx£JI 

r + r = 2a \ u JL % 

nun max ^ ^ 


-w tl tl a! jlj^a 
S& * ** “ ► ^ 

: iJUl <5iUJU eccentricity jIjaU ^ _>!! jjIlUI <^3 ■—.ij 
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0 < e < 1 La oljljl jjjitill <f >is 

^L*JI ^ LLUj .SiMUl j-J ^ ^ **" >->j ^ j^lhVtl JLlaj 

. j^j ^JLjlJI k iu-t (jua*"*!! LajLxjI LaI <jloL=J! 


cjjLLc C.J | 7 |.H ^Jl ^jJull J^a 1 H Ml fl'i 4 jjJ) -k ft 1 aAJa! JjLl^j—a. 

juft iTill <_jj! J-o ^.jJL wfljJLjj . (c/ifL^JI ^Kx.a j Ic-L-JI 

£ j-A 1 ^jMJI ja^llj <LX.1-I. J I ujlk ^g^.i Til l ^Jl i 

. Sidereal period La^aII Sj^jJL J^aj ^j^vill <sS* 


* 7 ill a (Synodic period) ■_^ 11 4 ulj " s^i I 6 jj i)l jx Sjj ^ll 6 Jla s ill ^ *j 

L j-OjVl j_a 6j_zJj 4 a 1 a ~ ... 1 ^ \cl Jj^SLiJ ^jill <_aj^UI 4 aIajJI 6j_j_fiJI Lg-il ^J-C 

I JJb (Jjl ^Mrt ,7.11 j La La. (^JuJLLLa ^AJj_a ^jnft iTillj 

^ Lla <^l <Jjxl> <j£j ^u.a.i.JI cJl£ I jlj (Lr la.lj 

JILa d JaJJI ■ X11 La-AJa.1 ^IjIU 4_ul^jLfiVl Aj^jJI ■_ »1. I ^jA*iah L A (jCUu^a 

< ^^jJluiJLI JLa 4 -l^jUJI i X lj^l I ^5 (inferior planets) (S^-AjJlj jjllac.) 

L^-xLij ^1 oL^jJI jjt JIaj (P) jJu JLl I jl Lu CJ kj (Superior Planets) (.. 

4 alittt ^1 oLa.jjJI JJ-C. J!laj (E) j Jk A "II^ ^ju ft ilill 6^1 J-A 

(T ) 4_lLJjJI ^SJJ <LAjlj-j_flVI AjjJI (jJ—® j“ A ^ JL?^ 


: 4JUI <iMxJL ^laJU 

T = 360° 
s y (P-E) 



365,25 < Lo_£* 88 <iiH L 1 jjU&c. ^ j«^ >1 1 : Jli« 

S )jUaiJ 6 i j jJI uui 

: J=JI 

p 360° 

*“-> 88 day 

E = -M- 

'*#* 365.25 day 


T ^ -- = n6day 

360 360 

88day 365.25 day 


: <jJIjJ| <ii4 aJl * A ^ 'I 6 14 %iJI.ajj 



360° 
E- P 


. X I u£.Jaj ^jVI : ^-*~ tj a ^Jl I j ~»l j&j I p % % i-.i■ ua |v‘ii t~ i_j£Ij£JI ,jl Ia^ 

(J^»jVI J-A <j! « t ~t~ » i- u - -k ( jj>Lj £J_>llj 5_>A^b «-J-‘-<s>jVI 

(£j *«~JLI Ja <i^Lfc*JI ^£1 jilL» ^.cj_jj <£ja. LjjjLi l$ li liSj 1$ ^ 

^jc. 411ullL <<JjU£JI <djli j>^k "*11 Sj ^ lt^ ( ut > " fc >V ? 

Ja iToj jLaJI (Sj-AjJlj JjlUc) j oLJJI dlt(j»« a « " * H 

• CAA> uS^J c^'jjb 

Jj "* a .Lajj-Sj m il L- yuAj ^ 60A oljlj-o £-AJJ 

jJb LaS wjSjSJI ^rlrnu <JUjVl SjJbUo jl-ill 

l^k^l |j£ i^oaxjJI ^JUijI 1 j * * Jilll jJ l tj <(j^jVl ^ lf » Ji ^ H 

4 » A?.Vt 4 a^ oLj (Albedo) ,,if>j£U ^dLj—J! J-oL*_a c-ijjtj eUolj <j>^JI l $ i al fclj 
6^)J-5 kltlj jlj-a s-LU JJUj ^-1^ <lajLuall iau» VI ^Jl 4 i it^v* i l l 

6 ( jX. L^j^Ju ^Ldjj . Jj V faTtllj <JjjVL <jjL]Lo ^yulijLil 


A ' “II LbJX> i 


uUJjllL 
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The Planets Mercury jjlb* 4:2 

iZiljjjVl ,J * A 91 j * e t^jtm iTtlf ( jJt jJbj 

jr*2$ d . L . M J | I I i^ll <jJI Irn 11)1 J 1 *% i JjJj'j ^wjtj 1, * Iji ji <CLjjJ 

LfljL*. _Uy La | ^ U -tJ 



1 0 jjjjLa At rtfllt ^ ni*i ^JbbAjJI LaS jjUbf- A■ -'*'■ 


ijnA iLU ^Lal Hi a .1 j l tj ^L-S J-H-l ftj l J-* ^ ^ r i i < *i >J 

^^jhJ ,* lnft> ('^g-i-uijJ^ >2> 7r 1 Ij^. ^ Lit ^ •*■ j l ■ ■ ^ t-! jjH-u a^j! j t ^-lc J-ALlIiII 
jLf j-Lil jJl l JJh 

j ^jVI LS i& Jjju j jLstc jljji ji . ,m* . m jjL j^j -JL?Vf 

^ ^ jl *dl tint Lei ^j*> *t tTillj ^ijVl JajJI ojj^£- JUC- ulJjJj { 7 ) 

( Jb* i J}L*) 4^11 ■ 7 i jjlLt 

: J j i U ■.-. . S- j^ l 4 .11 >Lll ja .1 ^ It I oLJlj 

Ji*j 0,2056 jljll j^jjjillj .4 1 \U 0387 ^c- ^ L * ^~ ^ 

ijjjJl) ^jhj 88 *Llt 2b-^- JjjjJi aj^L_flj ( 7 0.1 46 ,Ji tK^fl ~i ■ n * 

L*^ j \j~^\ 3"* {^C-Li.31 a r (<UAiJl 

^JJ LjjriJi jjb (^£lL_ 3I ^jjtfl-c c^ 1 ^) j\fc? 58.7 j>^ll ‘fJ* ^ ^ ls^ 

48 mTill *UjIjlU *L Lc-Jpdwu 28 ^lx<3 ^jlx-ona i( j-ic- OIjjj-uI *j->1-1 
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<i£j <L ^_,VI >5 o- 0 382 >iJlj .10.88" >illj ^ 

4,2 4_ujL^JI 5x.j-i-oj . 5.42 <J>l\^ll Jjx^oj 4^a 0.055 

.(^LUI uku ^k) 100K° Jfc) 700K° SJ^JI ^ ^ 

. <J Vj 0.06 j^fcLiJI <J*oLa_aj 


: ^ikQiXI JLUI 

^ i njVI ^ m JalliII JLJLI S .\ m 1 % JjLjuj > flj a <j£Jj Jj_=>^-a 

. ( ^ 1974 ^k 10 — j jjj La pLAaJI 4 v ta..< ^JlLu 

:ijy> Jl ci^UJI 

L-^4j 4JLujU. 4*1 tTs ji 1 n L^UiU ku-gj ^j^Lxj 4-1^.-*. Jjlla£. Irifti^k i 

. 6j)^ j.^i, i > ^Jl ^jl jJI j^aVl ^yA 4-i^ftJ I^Iqj j 1 ^. 1 ^ i 7* > 4 jj!^^. 

: ojSjjJI 

^ioljLaj 4 tliA Cj La ft~l^-aj 4_ul£jj CjLa^-A j i ajjj (ClTlSt) 3 tL^J| fj 1 iuiil ^ A ilo — 1 

IJX. La j A ( j-o^VI 6"k far* 4 1 ^ (20) l a * “ j J-ftjjj (4 -jjI^j) 6j-iJLa 

. 6jjlLllI j^oLmJI j^a <lkU 4.t i id ^^k l^ly>«J 

iSjJI 4 ^j ^^k 1|j t Y j 600 I^axxj ^JLjj: (Mantel) ^LJu^JI 3 aJo —2 

. ikt-uJI 6 jLa J^a 4j^-a J fill > 


^y> uL^ ^k 4jljl^V dJjJ * \ja < ijK Ol ^9 I^UH jSljuj : (Core) olll 3Sila —3 
\ 4^La n , J-Luj ( ( < -km ^ic. k U Lli^a JUu» Jfk) JlH" ^il jw^ji 
^koUJI ujjj i»j^JI 4 k _kLoX> ij_L^ ^k 4jJ 4lift*111 (jjLjlII ^k Jjjj 41800 

eoill jl ^ t rf*k *1 ■ Udm ^a i U ijj <^j£J| J At 4_iljj ^A 5 j y 0 ‘ ^ A L> jL*\ 1 aj\f ^jLa-ai] 

jil Ol ft kin ^la.1 jJI .*IK" ^Sfl 4^ikjLj 6j J i *s 6jlj-a. jXua^o 

. Jjtk£.j jua «7ill JUU! wiJ^hJI 4^jllll 

The Planet Vevus i ybjJI 4:3 

^JaJj (j aft 11^ i^uAklJI pUju i i.L) 4 jjI m nil J-LI ^a 6jJb^JI utijS iJU 

6 jl (^JjJ |k^k*l^) CjLcLlxi iiilj ( j^o uJ^>Sj 6 jlj ^jaiA^TiII jL J a t <*">11 ^JLklll p 1 a mil 
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rt iTill I ^_S ^-Zkl n^i ^k ^ ^ <jj_fll^o J^Sk a > ^ I <jJ+lZ 6^) jJ* C 1> j5t 

< 1 Inf.^g ^ A fllL£ jI^La I I ■ t5l^-^-l j ^ IfljJ ^ y~^- 1 ^jj) (j * ~‘ 6 ^i.~lT J5l SjI j-^k-iJI £x>e 



10 j- 1 ij L a ^ >t> L^iJI I I I * ^ 

■ ^j-jSVI ^-Lc. CjLcLuu ^jLoj ^JIjj^. Aj i j-k£. ^j|j <~ 4-g )j jua aJuJI ^Lol j jA i Jj I LjLl^I |i ‘ > Jajj 

dJlj (3 ) -k till vKVI jl J —a IjjLj OJ-^j I j—fl—ft tiUj £-AJ 

: _^y ^l 4u nUII 

6jI J_a) 0.007 jljll jjJ 17i I lj . A t*Cla 6J-^.J 0.72 ^jiia 4 7i i 1 &JJU A 

^ 0 

225 j<ia iiiH jjjJI SjjLij 3.4 tilliKVI ajIj-a (SJ -'*** A J-^j (5^ I-a! I l^ 6 

<_l!>I jiflVI ‘Cjlj j Ls(j (i7tll ^J! ^jjiJI jya (^UJI ^>jL ac «<> a-%.*JI &jjjJI) 

>*_ j^-iJI ^Jl *Till <x.L-JI _'^j l a^_a) 243^^11 584 

o 

oL^k.j J ^ini Ja-oj J^ljjjJI jJ> "k n Jjl ^£l) 3 Ajl *mia ‘Ulj-L-uol Ajjlj 

^jJbUaJI 35 ^t*A 4 Ti 11 4 _jX.^)_j-ij Jj » nj . jl jll \ a a a ^^ic. 

j^-o 0.85 <4k\j . <j-A 0.95 ^ a». a^ll ^la^JI^ < (61 -11) Lo 

< i/jkS 10.3 4_ujL^JI ^Jja s»jjj--$_ll Aiij . / j^C-5*3 4 ilAUI JjJL-AJ . A h ^ 

jxkll ^ . (4^. Sjl^k Ujj) 750K° j UUJI olMJI) 240K° SjI^JI ^jj 
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jdbjj Vj 0.76 —JjoLjl-oj . ^iiir> ^Klll^ ^limll djl^^ ‘Labjj <jfLjJI <jl 

. J U51 <J 

: ^.inhliiU JLUI 

^jpA JkiC. <Jjlj (^ i n ilol^Lo JU~o ^-lc 4 jI^ 1^»I jijA > ^j£. 6 ^AjJI > 

UU < nil (jl ^JJlJJ i<jlt ^ i m iJoLjjLo Jl ^ a J^bj Ci lu < 1962 J1a <ajI unflll CjL£ jil 

. 4_J J-oLujJ! 6 jl jl ^Ic. jjli J-LC 4l« n» i l AA <<LlxlAj P^UllI <jl Jj J ^Jl JjJLJ 


£-a 4 jjliLLi L kJ-LL J ji*i- -ft 4 l 1 ^J_u jxLc J^jCuj «ju 4.ii ^_fl^La_i Sj-AjJl irifl'i 7k J 

p^lrnll 4 ll jjJj ^jVl <JLx 41a <laXjh^j 4 lfllo£ uUAii dJjj ^Vl 


^.fl Jo^j^JI £-a 6jlJ^ajl <^bjj jl Jjjj . 4-/)LlJI JjSJI JjIaj J-AJU ^1 j 4-i-oAj J>^ 

jJjj jl ( LxAjI 6 Oil'll &i i ^ ^ -=bJI JeJLxAJI jljjjj l a*S idjpA jJI wS^LaJI 

• ^^OjVI ^Ja^dU ^_l£. (jj^aJI JedLusJI <_j-a 6jj& (90) ^Jl^a. ^JajuJI JLl£, ^£j^JI Jn> i,A,ll 
^ja <* -bL-d.i. ^_Lc Ja^-A^JI CjJjLst ^jJI 4 t\\ - A all * ■ II JUujVI 5j -y] La I j-Aj 

. t^L^J^JI up-lc. <kiL^JI jjllfl I till 4 * dJul ^0 6J XJL^ 4 l AIII LT^" J * ^ J-A_JLJJ . J-A-jJl 

uSjJJJ (^ll^yJ J^ol (j* 6 ) i^ulj^I* jl CUi-J^JI (jAaL^, ^jA Cil^)Jobfl ^jA LA II ^JlTLjljJ 

: 5JLJ1 jl^l t^jA 1 JltA>( ^^ zOI ^UlII 

(j^JjSJI bU* ^15 4j fi\ ^iaAj JjLaj 6JJfcj Lu^jj 96% j^ Jj^ll jlx. 

4 jL^JI &Laa ^ j 1 j^o jl ^CjL^jj^) 4 jjJb (JSjlL ^Jc ^ajVl ^-lc. J^abjil 

<0.05% 4 * i iu* pill jL^j J!l^o <fcjii uj! j^ii v ajjj I a*\ 4 2% 4 a a ul » 1 **-11 J^Lcj 


S0 2 CUj-i^JI ' k ‘ u^1 4 * 1A < 0> Jullj ( Q^ jVl 9 0.1% (j* a A4A^VI^ 

^auoLab 4l tA ^_Lt ^1 <6jj&jJI ^jJI 4 t -v .., a \ > jj_4ll 4« i»Vl ^ol»<~i ~i a I JaJLj ^ jJlj 


ftLxjO^j <1 jL^UU Cll^lxfl J^aL ^ ^ 1ft AAA II X i II CjLLjlL ^A L0-^.1 t^.11 "k d IL$ 


6^aL1s jjJI 6jJfcjJI 1 ^ ^rln*ii ^lc 4-JUJI Sjlj^JI JLJJ. (^j»jVI ( j_l£. jLLaVI 

42UJI ^Lmo^aL sj^jJJ <^>?JI ^-fl^LiJI ±u*> (Green House Effect) j^^Vl caOl 
^r Ini nil ^Jl 4 Ja* a ^-4 iiL ■ k t ^ ia^jI (7000 - 4000) i Lu 4_JI Sj^l^jJI 4 i m a * till 

4lt^la ^IjjoI CjI J CiLjjJ-i i.iiL In t nil Ijju ■_**»ia 4liJLa 4-a.jJ ^Jl «4ju^uulj 

10 4 ijJI l j *■ a 1 1 v ia J• fc *j a (infra - red) »lj « aJI ■*■*>•* <« i»VI JL^i J^jj 
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a 1 4a.*.tiVI &JJb 1 * <~i~\ a L> . j $ ■» ^Jl S i * » t*N I ^-»Ij jlc tQ - ^JJ * < u ^ * I 

jLc Jjl ,^-H Ij^-Aj < Jj ^j-o % iTi^M JjIjLjj t u i ft ^Jr> 1 n ^Jl 4 _ljL> 6j-o 

. ^j_^JI c-1 * Aftll ^Jl ^j-a 6j-4jJI JjjJjill Jim^l ( ^-»Ij 


: ^^3^' yef^ 1 

65% Jjl J JjU <qI ft Jfl nigi I 4111 1 A f, 4^L£ Cj Lo_^Ll-o 

^Jc 4-ijjj <Lr >l£^jJI J-fc^aVI ol j jU^^L illftjL-aj i I i a lij ^Jja \ \ < '’tin i n 

~» > ~y 4. fl A1 iT. 1 \ 'n. ^ ^ ll i |i11 n 4 1^1^ 4 >. -<_■jt . . ■ (j ^ J | > 4% 4™ U 

. 4^Ja*« Jja 8% 4~i>...'' 

Lu >1) 4 ^lri4.4j 27% 4 it i x ■ j L ^JoA > A 4 a iajlJ 1^ 4 * A *j * 11^ 4-L^laJI 4 jJjV! 1 >j) 

^J ^ -i. i .11 .LCjJIj 3^_iJI ^-i^JhLlo < 4 -*wJn* ii 4 _ljoLULlIu CjJjj 

<ijjj_LI 4 jjjljJI j j-^j jvJ£. Jj-» L*-* *jLa. wilj^ l^J Qjj> t ^> 3' L-^ ■ 


The Planet Earth ^jVl t_»S$S 4:4 


^a <JjLX» 4.U1 L$ < *n ft ^ ^ i i >>4 , ?. i <_Lfll_C s[ i -v J J I ■_ j-l—a_u 

# # 

j I t v I ^ Lc. ^ 1 > 1 1 3*~ J I * 1 * ••v 1 1 ^ 3“ 6 ‘ xJlU 1 ^ lj 1^ -q v 1 t L-fc^a.^^J I 

^->lj A j l x^aJ 1 Q Lc. IA i ii V1 jJn-^ 3-° 4 JAk 31 A <—ft^Lc. J_^bj j 

; 4»iJi_LiIaJI L ^ x^-vi l . cLJIj e. ^ .^.1 1 ^_fl 4 .7.^ jl \+A[J (,^uaj j a ail L^J 




. ila 149 JjL&jj <AJ^.Ij 4 Lfl aJ-^j jua *7* H £j£. 1 A,.\ a \ Luj^I a 

^ < ii n iT> 365.256 Jim «till j \jjJI 5j 1 flj (0.17 jljJLl 4jj_^j*-a jj.i *iJlj 

jJ-aJLl AjJ-flj uJj-iJI 4-fc l ( J l c-JjLLc ^ u^ c. (<\ Aj-y. \ 11 A jJ jJI) 

(ul Ajil j (nil ^Jl ^jjdl ^ya <x.L( iJl ujlk ^jn^f. ( j^=Jj ^j) 23 56 4 

^Infl II 30 (tfc.ll 4jjl jll ^ " r J ‘ “ * aj 23.5 Ajlj-a (£y mi a 

3 r -/ r £ 5.5 UliUI . 6 x 10 24 Kg ^jVI <k£ 12756 ^1 jJL^VI 

LjJ_^ jjjj j_^l^ l^Jj 0.39 ^^aLuJI J-aIxaj i 11.2 ikjjUJI j^a 4x.j 

4_L^J 1^11 4 lluaaaJI <^LLaJI 4 u$ £-Ljj ( i/f 10 ~ ^ Jj_C. <xj jL^JI 4 -LwCj . 

. 12714 ^ Jaftll jixfl ^Ujj . AIaAj/ *U 1 .94 In* (J 

: (*I^JI) ^bjVI ^*AJI 

4ln 9l t it 11 <JLi tiV 1 - ~ ‘* ±jk LuU N * A j ft. 911 ^ lc JaI . t.l 4jJaLm jdii 

4 JAX1 A 1 uJI 4 qLUII ^lc. JaI * jJI^ __ S^LaJI 4jftA4jl^J Altlll Lfl-Jc 

jlfljJlj JJJI AjIjA ^Jua>jJ ^A-> jjill Qj& ± dLljjj pLi-oiJI ujj^-ujJI ^a I fr Axoj 

iajllll 4 I^fc.,4 a9l» 4l it VI jkdk ^j-a ^LlxoVI <jLq^. J aJUJ . I JaLuO 

: 1| aA 1 4 jlUUo 4-lazw^ __uali AJJJiXd Ciljlfi. Ua^l-y a ^I^JI Jjljj . a*7>11 ^jA 


jLt) (21% 4 jL AdJJJ O 2 uj^jVl jLc-J «78% <i ( a \> N 2 jLc- 

. (1% Ja J5l oJUJ^b UL^yVIj «H 2 0 pill jLaJJ <C0 2 Jaj-uSI 

CjLjlIII ^jly (^r>ll Jj jl a" II 4j 1 at 4 _^_aju ^^ jVl jLc j-SjJU jJ.L^IIj 

Lj^kll > Jaxj j jjaJI . ah J A * ^ c^jjV^I jLc- Lol (^jiiftnll ^jj^-i^Jlj 

4^a Lo ^Jl 4_iL^VL J-^JI ^J1 jLc Xfcl 4-»j_jJI 11 jl jl! Jlzkj 

^L^JI jLkj fjjC. gOJA Q J-Ljuu^ 1 ^li jl_C Lai . 4Jj* T^JtJ * 14 »UamI^I ^j-a (j^lj_JI 

■ \J **1^1 (jjlj jlx. 4 i (u \ A jLj ^jl fr Lall.ll -U^k^Lj all oIjLa ajJI 

fj^Ajj (J 1 A^kVl Cu kll A^JbUo 4Ja*i^jl^j AjLj jj-Ic Jaaj y >£]| 

: 4 kiuklj olLL ^-Jjl ^Jl ^^-4-ojVl ^j^JI s_ ^aulUj 

(Troposphere) ZAAa -1 

<k_j 1 JL *^>) jaik 11 CjL-lLaj ^JqA a 1 ^ t iJ^ 10 ^Lfljjl ^JJ ^^ajVl In ( o ^a jJlajj 

^ll^oljLu^ 4>^-j < - r '} ^LijjVI j-o (^Ijj <_>L« 
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JjjjjjjJL 1 ^ Jj ^jJI 4 ftjLlj J jii Ai^ij^lll (Jlj < LaOll 4 ft ilnll < ^4 J * 4l \j) ^ ^ 

.Tropopause 

Stratosphere ji*Jl aida -2 

iljlii l^jjlj^ jjJ ^40 ^Ij-a. Jlajj <JjLfJI 4 ftik JL> 

oljLllI ul^ t ^.lcV CiJLijjl l aK Ll^jj jj SjLjJL j-=^C ^U lull jkliLI ^_s 

jLL J5 jj . ^jlVill jljJaJJ 6 j-A luaaj . ^jVl ln< nl 4 jjIj-a LLfll 4 -ljIj^jJI 

<a'^■A. i.i fl\i ^n/util I 4i.itil jjjQj 1 iUII Ifl oUl\ A SjjjL jjjjVl jli- Jjj Sjjj l^Ji frill 

■ Cft > * 

The Ionosphere aida -3 

CjI J jJI t^jjz * j ' Qj jlj-C-1 ^-lc ajj 4^ 160 j 80 ^-1 L 4ft vlnll 6J-A <lL xxi Qji ill 
^j| j i aT \j . ^jiia .till i ^ya L jLftJI 4ju aaa 11 4 a LVl j 4 > % a *i ft 11 jj-ftJI 4 1-11,VI t _ ljl aaaj 4juLj1I 


^I^-aVI j*Xr. (D) j^-ojJL ^JLLuJI 4 ft .Jg.ll ^Jl jLLj <_a jj_a a ciLiJa 

j^lj^VI ^lc (E) j^ojJL l^-JI jLiitft 4 __uLjJ| 4jLklaJI La! . 4-a*jll 4JjjJaJI 4 jjjjIjJI 

^Jc. Ja«jj (F) j^ojJL L^jJI jL.iii ft LkJI 4-iJljJI * &!■>!! LI <^jll 4kmjlll <jjjjIjJI 

6jjj frLul jj-ijVI ^ L <jjjj|jJ| CjVL^jVI jjGj LjL^Ij . 4_a*jil 6j i i^nftll 4 jjjjIjJI 4 * it/VI 

LfljljjJ JUAmJI jloLu LU *** iLl\ill ( jujfcj t iJ| JLi, j t«"> ^ <uu ltill JoLLjJI 

. JaII 4ji.ii/w till J-Ljjl 6jaj^ uiL^ l^jl JAA 

The Exosphere j ; ^y^u^yi aida -4 

v^jj-^-j 4jftlftlll 6JJb (j-oj <( ^jUJI frLu^flJI ^Jl j a ~ .j i j ^ ft injjj-iVl 4 ft iln j-Ajj 
J^LJI la> ^djVl ^ * <i Jaliill JLaJll <4, * *djVl 4-ujLzJI CiLLj llj CiljjJI 
. LaVI Lj L,a o ^jC LfijVifl ^j^jVI jikw ^Jl Jj^jJI juA.i nil ju> CojliJI <jjjll 

j-o 4 -ajLDI cjLfcl x JbVI ^ic. jjjj ^11 LliLiJI jl j^jJL j-ij-zJlj 

f 

Uj i rf*» j-ijj-fl jl ju a JJI c->jj-c. juc 4 oaLi (jL.dllj jLuJI ciljj o^) (JajI^jljVI 

o * 

. JiVl Cjaj 18 ^Jiin itill j^j-A juyuoj (Twillight) jl^ ill LflLol 

JI>VI |_^al i o~! « L ^AiLiJI 

j-^i < ►'Ajj Ail . t . ~ i> j a "kVI frjo^JI j-aj Lb 

(j-fl 6 jJj_A tlijl J *frj xAll jl LoS . ( JjjMlUI jl uJlJjJLil jSxC. jl J A-^l ^JIIA .till 
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jA lojial 1 aK 4-flll^ jljjj i, l n ^ jVI ofiV-a-II ^JJ y ill ju La 

L^—*—i-o!^_A j*A ^ltl 4-JjJbUa ^ l Alj—A Gjl ft j nil jklj-JDhVl A A J'l iJJ I ^Ll *1 

. 1iAj1 t$-»j \jC, JAJJ Jj I ft i JjlA ^jiiih tJI Gjj 1 \ \<, <n <jpl Ij^Jj « 4a it ft ^ I 

{J^ji I ^cJouj %ial 

U"k j^A 4jAjill jkliU jHA iTill J^XuiJJ i^^jVI J-Jl^jJI AjIj^JI jiiAA (juAitlll JJU 

(2AJ La dlj^Vt (jn ft <tJI jV i<jlAjjJLI jj-sjJlII Jajln'V CjI J ^loLil LAjoC. jA J-*^1 »l^" mVl 

<ilaitt jA jL^-uiJI c q\1 \ ^I <A,.„ui ^LjjJI t Juj eJJjJj . VIAai 23.5 + j Ljjl^. 23.5 ~ 

4 \Ia *k II 4 ojIj_0 _1 I CjIjLlIII <£j^ LaA j ja0 a (j J I a lx. ^LjjJI A Joi J aI »~J . ^_Cj -=wV 

^jVI jl j» j 4_c,j_i»u ^lc « ja.i H * *' gjj < j_JI |v \ 4 <>*i JJLa convection sir current 


. 1. 0 mi l Jjj*. 


: s-uSj3 

GVi ojLlajI ^Jl JjVjJI .X*-Oj-> ^I.0i ^lllj < u> -aj5U 4^jJjAjjA,faiJ 11 tljL-oljjJI Jjj 

6 jj LJj jLLII ^Jl <^hiijJL Llx^JjVI Aj-jJuJBlII *ljoJ SzJ\ jJjo La Jjl& Jl CjLxjil jA 

; ^0_fl 4»aolJI Cla^JU nil ^IjaVI Lai ijAjil JljJjJI 4 jX. j"i11 I jjh «IaIa loJ-aoi i l^J 
<LLa l ^ 1 tjoAij ^L. ,< j ^ *.11 oLp J^La j * ^*'v*j ; (L) 4 ^U...I I Lj.^1 (1 

. (j^jVI J 6 JO jS jL*£.V JoVi Vj I jJ^Vl ^-Aj * ljt« u*» 

j-±£1 1 0 a fc^ujj (cjjtJj-aI 411»">j 4 >Lf i .ai <JjL cjLs^-a ^aj : (P) GJjVI G^jJl! (io 

^Jl 6jLlI ^LLj^ j" 0 " 4 !* 1. ..IIj 4 >1.^11 jl^il JV—i. j *ti V>*>j ,Jj 1 m II f^jJ! 

Laj-j-c jJj-a j faOjJI <LaJL J-t-cfcjj j[ i ii\I sIjIj-aj v_a!aJ1 ^LaVI 

. U\jiji\ oU>II 

<_lL-oJI 5jUI JiL^. jl iultVI ^JoJLhuij^ caL^jXI lL*1 ^-Aj : (S) G^LUI <^.^11 

A Lao I Gjj a f 6 jUll CjLuj-^w ‘*Ij — Xjj . L^aj n \ m a 4 ^J * ^0 a i*jJjJj La a 

ji iiCnj . L^JVLk. JflTn ^oll ajUI ^lt oLahjil A jjt <£.j-ljj J-aIjljj . <a.j 1I jl ojjl 

. ALaJi jiVm ^jlll irwiijJ) 4 ijJr> OjJJU I jl CjLwjII aAA 

oil AjJbJI (jA (jijVl sjSjIj jl c-LaIiJI 4a-ajAjaJI CiLwjII A j-A cJjLuu I jLalx.lj 

: 5JL1I 
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tlillnj 1 Ij jl "W jJI jl l i ■ «l^ll qI— Ja xtilj : (Crust) »jAaill —1 

( 4 I A< <1 ^Lii <-> jUJI ^.oll Lai i^ajJI ^Li (5) A iLd-*» 11 6 j t util tlLa iii ^liJj 

Jl i 4 nil »r> Lajfc yx>j ^JJ j > a n < 1 li^> <n I^jJ j * 4 1 ujLJI f^(48) 

. jkJJjUilltlilj jj SLLxJ I ^>0 j^JJ I AJ i i j l Jj ^LuJ Ij fJfiLVl j* 

<jj1a qJcu-u Cirkj ^ 2280 y_l!>^. ^1 I ^ i o r jJLoj : (Mantle) ^*Lu^ll —2 

6 ^ infill js_» Jj-<=»LfiJI J AII JlJJ . fciaitilL <a1sJI pKjh* nil j-o 

j ifl hi iilLi UkJI J *i A 1 fcjJ j i-tl \a ^\ ^LutijJl A. ft lira j t a"> ij . >A>LI j^l 

<-LJo (Asthcnophere ^ ^^.yy ^ VL <k^>illj < iU (Lithosphere) 
j } * 4 i, jj-^l « »H j (lA^I^) *jj 4 Jllj-^JI Lfj < 1 aIj 

. iLLJI ^1 yVl y* ij^L^ J&] ^i!iU (mesosphere) 

: [aA yHJe ^Jl j\ a"oj : (Core) u*UI -3 

l^jLi iilajj y* (5100 - 2900) (j\-* L& ' 0 iftc ^yyijj :(Outer Core) ^a^jL^JI c-JJI (1 
Jl—aJ.1 1 4..U jA 1— sM—*JI 11 a yl^jj u[) *tlSL jlu <JI =*. jj j__^JIj JjSyJI y« a\ j*C ^ 

. (^^-tOl^Vl ^ .. AA l. Jff» li>.ll 

y-a <jjSLo l^iLt ^(1280) ^Jl>a. jJoj > q *<J : (Inner Core) ^l^wl jJI ■ «III ^ 
i^juj / 3.0 ^Lia Ax a ^jVl it. q il 4 q >U Lai . 4 iL> <JL^ui J^/Jl J jbxaJI 

i 1 

^ Lai ^juu/^l. 15 wj-UI LLjL ^lai/ 3.5 ^ ly ° ^LJyJI <la_Jo 4&i1£J 

. ^/fi5.5 ^1^ j-Lli i-UJI 

5jj$ o LfjL^. J^.1 j-o j^. 1 ^ culi ^jVl jl l-lIII ^ < l>ftM l yjl*ll J>a^j Jj^j 

ojjj ^ ^(differentiation Process) .-LkVl—a wLkVI jJi Vjl JiSVI jl>11 aIa ci> »■ 

. Cidirfi*? (jl 

: Tectonic activity IoLujJI^ Continental drift 

111 it <aI AH <0 yo 25% l^JI JfcL *JA Lu L^.tJ "k A auiLaJI lIjI jllJI ya (ysjVl ^Ui n J^Aiilj 
(jl fr LcdjJ I Ja^jL^ 4 olull ^aLlaJLI ya 75% -.tUty jL^—Jl Lu-ojVI ijSJI 

JjaII ^1 ^aLcJ La^a A i aALU CjIjIaJI jojL JjLl (^Ctl_JI J 4 »A gjJl * ^IjliJ! ^ ‘^lj A 
ya ^lill jilyJI >a cJJj a ^ 1 n ^ L- JJjJI^ . (jA* Jl l ^ * yc. l^JL^ftjlj < oljllll s i%jj 

(JzkLi-o) ^ 1 nUr>Vl JojjxXI ^jjLi. (^Jc 4j_fll>ll ^\JJ\ CjIja ^jL aj j>^^o jo 6>a>ll ^ 
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o * * 0# 

11 IjJVI iliijJj . irtll II l^jj-al J^LkdUj ^jJLll Lljj-fll 

jjx »VI SjJSiUI <jl ^k ^IJIj (Theory of Plate tectonics) 

^A 6jj^L-cJJ Ji A I iiVI 4 a i lr> ^ fllnu din **tll 4 ftt fljJl ^uLfl^aJI < j^o 

jfc.dii^u ijl Lka.1 JAj iijuu« /^juu\ JjJLAJ J^lIu cilj-^i T> ^cjI ft i nil 6JJkj 

Jk JoLiu Jjj ^Ij l ^ 1 Ij-o jJ-*J (jJj± La-e ii 

■ 

: <JUI t \^i\ J\ ^jV! >az : ^jVI 
iA ^ 4uja a jI^jo ^ya olijxLo lua]j : (igenous Rocks) < jj IjJI 

■ (tJ^j) Wa>Jj 

qIi i taJ cj! * i* ij 3 jycr : (Sedimentary Rocks) 4_u^_j_»j^JI \ **->11 

. jl^iVl J aLJLI j £ LjJI 4-=^UI hyui\j Ct-aJl J^al^L L^iu,m <_»^j1 j S^jULlo 

j-a c^L^JI cax.j 11I ^ gl£ Akj : (Metamorphic Rocks) iJjjJLil jjJ^JI (^ 
6ji ja£. jJjLjj . kuOjVI Aj itiiall JjC jJ^lil Ja*kllj AjIjLaJ! < ^ fcVt u^jlll 

< <\i u 10 8 —10^ ^-uIj^jJI jl jt-jjllll ^jia ^1 J.a. i u L> j $ a. ^rfcll 

(>» (i - h* a • <-*■“* 4.5 X 10 9 (jijV I . 

. ol-Uj^lj oLu^Ulj oli^jSJIj olju^Ulj J^KVI 90% 

: ^jVI JLaJU 

(Jja jj dmj J a l laLo uk3 JjC ^ i ualatliJLI JLaJLl (JfCiJj ^ i ikalii-ll JLaJtl 

f " o '* 

<-a^ji^j Luj-Aj 1 2 ^ 11^ai ^jljjjJI ^ A Jl? ^ ^ ^<ii ilallxll ^ajVl 

j ^ *a! CjIjLu ^Jl <A-iA_aJI )j* ^ ^ tuiKLutll JLadl Ik J-iual Lai , ^JLiAjJI jjjua 

f -j 1 Leta iL^iiiij (jljJ^ill OUj^ukJI ^j-Oj^LJ kUI ^A ^)-iQil JjJ_aJI 

JLa-a £_JLU A i A Ak -Jo lli -l l ^yA ^ j l jl a I ^ j^jlj um 14a A a 6J **< L_^J . <Lju>Lij ^ *\ CjIjLjj 

* * 

. jlilJI 6J 4M L.J jL JaI* * ^ i n Jr>'il ft 

6J-^lj ia»jj J j j uaj ^^ojVI J-klj l ji jljJ)j A^jJ (jlj jSjJL Jj '7 "j 

. ji.30 


ck 

- K.K...1 I 
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JJI (jli 1^mafeUaXI JLaJU 


4JbLskjl ^jo^JI £-a Ll^ojJj la 11 JLaJLI 6J am ^jl » La-laII jLli jj 

^lc.1 ^Jl ^-a ^o^jVl ^ - ui jU llj.ll JLaJLl J-lajj . £j)j t**»lt ^^a oiVl < i iA» 

oVLaJLl £-a ^ *4i jJn>L~> ill j^ojVI JL^ A JcL-LJL ±u* a, <^juojVI t_fl^LaJl qLa ala 

^Vu fl <j^a *" A <j jLo CjLoj^ui^. ^ja tijill <ua atall ^LjU <j^LooJtl ***** J^l\4 II 

twill 80 ( j^a jif£V jIaj Magnetosphere ^^^ui11 ^ iLliaa Jla^ 

4 JJA jJllII "tl a uaAll £ju> ^lc. 4 a ilaJI 6 jjh J-jUjj . ^na-* all 6 L^aLt ^jl-o jJ_l£ 
(SJ-* La jLca-x ^jc. L^ij-^wfl ^Jj-a«=»jJI cjLjjLJIj oUj-JlIj oLjj_i£JV!j 

l/fl J flj t^alj % i ^j-ajVl JoLaJj . LAjIUtw] ^j_a 4 *■ aJI CjLuI^J! dLljjj 4 J m jUL’iill 
^ jia >> LS 16 jjlj 3200 ja_» ^ic. ^Jl^JjJI i<jJ 1 <jli i^aj^l ^jLcjj 

4-aj^VI eit ^_fl <JLJI oLjjjj^JVIj 4-l^jII oL^jj^l ■* > » »■ £C-la»*-u 

Jj^j uaa. «4j i AjVl Ajiii Jnlaill ^ | All Jo^laix £_a J^aao CjI awh^ II 6 j-A jjJjj 

* all <jj£a £jjLJj fU OaAi J^Li* 4 *»jiaII 6 j£JI 1 '*' ^ ^Jl <Jl a *all 6 j£JI s .ftjaVt ^jA 

Jjl^Tu ^_aJI ^j ^ pI^jJI CjLu^ £_a ^ *~»H j^LfljJ! 6 jjA JtUa^ LaJaC ^Uall 

.ijJlIj 
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The Moon 5 4 


<^xj J>=^ jjjj Liklij jlj ft ~> . .. L jjjj 


jll ) <JLaJI ^_A La^ I <GJlLq 4 q >^L-> > i ilf- 4jLfl 4. ki mlL 4 1 

^ til aJjfcL m 11 ^Jjla Z^jjC. Jjla 4_JI 1 4 ajVI fljjLj t _)ja 4j^il 4 ^ mj 

j () < "ill (... (A-wj-J ^Jl... J^Jt ^Jl jLa —a 6jl^lalj <4 111 %j 1 «*Vt ^y£- j—JlSJI 4_flj-*-L 

4_LJ ^U_> j A*a 11 /jl 1 • 11 Jy&j ^£j-aUoJI a ilill jl i n ft ,^-lx 4 "k < AI^J 1 < J^-I^JI 

? # * 

LajI j ^_A_aJI 1 a*s < Lla^Ia 4-a i,.aj 5 1 ^Jl^.^ i Ja LuJ I J1 A jJ) ^ xxj_a /^x 

. jlL ^ft1,.rik..A c-j-^JI LoIaj i) 4-^l^j 



Q LA^ Q I I L^UC w A J *a 1 1 


o** j-^ 4 n > tU 11 ^Jd&l 1 I A. A Ij 

0.55 jljll ^ jjx^iJIj s Q - ^ '» 6j_o 60 JjX 6 v * » Irm 1 a 

6jJjJI) jSk^J 27.32 (Jj—^ ^jljjjJI Sj *k $j 5 9 >*1^ kKV 1 ^^-lx &jlj— a > *u n 

^jljLjjJI 29.53 ^jL-u1j 4_la!^asV! 4jj^ J Lai ^4-C.Lt.« Jl ^jlix J^X 4 ill 
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<Jiljl^l 1 j *JI i^ijLSlc. jii^fc ^>aJI J» 27.32 6 jj « 

31 ^Jrfcflll (J J t nj 1.029 I 4 ajIjJLI 4 "tt^ui JJ » aj < 1.5 AjI^Xa 

. ^jVI <> 0.01 ^1 <i£j I >5 <> 0.27 ^y^ll >iJI <5.2" = 
utUiijj 4 A A C. £ijX^ V ^^ic. Jju) ^lm/^L 3.34 oLa^JI JjJ-AJ 

o 

c-uL^JI) 100 K. ^JaIa OjIj^ <^.jj Lol 2.4 <ajjL^JI 

. 0.07 <u^Lj JaL^LJI) 400 K° j( JAi\ 

: JLUI 

. 4*ljUt 4 « ufl\ (J>^ 4jl jjJ <£ja-u ^jl LS k_J ^ J£. ^ tli.iU Loaj < J^a^A ja£. 

^MiJI 

Vj 1*1 4jLa-aaj 4a La.All ^-fl ^Lj jl J^k_JA Vj 1 aIIoUA ^Lc ^jjLt V *yj^ V 

^Ini <1 ^_1_C JLJI 1 a 5! 4ajJLa Ja»Ij-C. J-^ja Vj 4 ‘ ‘'j 1 4 _aaLaa si jL*k 4 a 1 jl pLo 

. SjU* AjJ"h i a"> JliAA ^jVl 


5JL.JI JL^JI 4 \\4 Aa ^JoLaa J jLx J^a ja fill ^Jqa-uJ OLfiljJJ laA^lj 

^UjjJI J^aaU ^-Aj 4-AJLJLA LJ J JAA ^IoIaA lIII-LAj tljiA a< till " i^Ll l-h ubo!^il J 

. Luu oj JaJj la ^yu^JLill **^AAaJI 4 >a^ gj $jj .-.la o"j 11 (j^j SjIaII iaaIIj 

(jA^jJI 4 aj,.\9 <JLjJ 1 <a 1 ojij^^a jfta. ^-Aj (Craters) 4_ul£j^JI cjLaj-aJI 4 ^JoAa^ 

6JjA jLLa-fll j-AAJ 4 i1.a-1 4aI Ja ^_fl Ij^Ia ^jL£ 1 Ajifc j n fill ^cLauja JjLlaJI ^1 jla-^ol 4 ^ laj 

. LkAj^J ^ 100 dlJj {jA jJLuolj ^ 1 Cj La^aJI 
(Regolith) JjaJ^^aj ^Jj 4 a .U ^ aqII »L.„ ^_Lt CjLuuaI ^ ^» 4^ a i <i jL£ Jj^jaj 

a I 4 J «4fl k» <n Sj^A 4 ^aaiLaaa 4 iV t* a 4j^3uua g-l^olli ^ja ^1 j£] ^ ^ » 1 ^a ... 

4aaj] Jaa Ljl^ajJa CjJjj ^jJI Lfi^Ll! Q^k~i> ^jJI ^4 -laJjL*) 4ajIaJI ^-Jl ^-zwL^k/j 

^Ja jja-ucJI Ja jJl! ^jj JllAj ^ JaaaI 4ajLj Cuaa jlIc. 

^j-A SjaJLbo frlj^L.1 |kl a. alL cajj^a < 4 II oL^a^JI ^>a> 4 aj^a ^| UI »l *Au (Breccia) 

(Jjl ill < j- A a aJj 4 djLjjJI ■-.! Ajl i^j ^£- ^aLaJI *^JI *_I 4 A t v all _ uoJI 

; <JUI ^-jIaaJI J ^4II ^yd 4aaI^JJ 4jj^u 3 CilluJ ^jLaa^JI 

I i/*> UiiJ 4 ^jI*JIA ^aAJI Sj^AkjXI JAXJ jaIU.U SjijJI LAUii (jl (1 
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A a L aJI jjl ^^lc. I 4 «n aj ^ ^ * ii <VI ^jLU ll Sj_fljJI (u 

< r J A 11 J}Lk j-kV ^IfL ^ja M_J5 J i A Ti <jl gaj i£-y ^ ^Vl j^LL i-i *<* > <j1 ,'i M-S »ju 

LF*J * J 0J (J*^J <ja IjjSj J-S ^jVIj j-aUI (j1 Lr l^ Jjlj Ii-fj • <x 1 . 1 0 >hI I 


? t i no i till <C 


Lojj . ^jVl ^-L l^Lfl J5l (j^_Jl Jj_a) ajjUalll j A^alljJI jjLLkxJ 6j-i^Jl ^\ *a‘> Jjl (_=k. 

• Ji^ 3 d>^j » u* 

>. n<> LaIj ^lc 3.7 <j j^ jjl jejjLjJI jjaj <Jj-aill jJ LaII jLa£. 1 dijL (j 

l i iluj-JI jj J^_a ,iij (100 - 50) ^jja 1 ««i : »jaa Si I —1 

. <ilJjUI j » ^i^r>ll j 


LaA (J/Jkiilo ^Jl jjajjj 1000 Jj, Itvj L^ami ^-Ljj : ^LutijJI —2 


L^L ^Jhj : ^iAiijjixlll <JLhlo (1 

. J^ lAA <-L«. i! l Jiixuji> > i liV I 4ft JLl 

^l^l.ill (_>-ojVI <j_A iiLl£ J5l jjIj 500 ^Jl^__a. *4j j_L : ^jUI —3 

i*uj"k J_S ^jjl 1 4 II ^ Lu^UllI ■ <xLa£- *illj ^-oj I J_>1 j a all 

. ^Aftl) q-L-u LJL ^jmjaIa JoLuiu Vj <j| Jj jajJI 

j^iil J^dI 

; 1 ^ a a! jjaill fjduti <aL^ ^A ■_"* 1 a. AJ 6JC oLijlaj dlLk 

<&j ^jYl a^-Z j> + *11 CJ u“J (Fission theory) jlU (^ 

■ (^jLfll luaJLI 6jjJk^ Q 4. \ 1*C a dJjjj i [4 >L ^laulul 


ja La ^ JLii ^ a all ^ (Capturing Theory) jLk^aVI Jjjiki (^ 
6^S jJjL-flj <j uLu alj (J-“jVI j>a ^Lo_ftJI pLIj ^4 tin a ^till d rj a -w 11 

■ Lr^“ ^J>^ 03-^ 

Ij^j jAflJI ( ja jjl cr^ cr^^Vy (Creational Theory) ^» uirkll II 5j^laj 

jaaLIjj . JAbJ ^jl Jxo I Jjjj ^aaJI JIj Lj (^aJLJI L^_uLo ^jxlAj ^A 

. <UIjJ| L^kJI Lla jSJjj Lilillj ^JjVI ^jOu^lalll j-a <jj aft)! ^J^j] <1lL 
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The Planet Mars 4:6 

j ft flll J i I II JqaJ 4_»jL=JJ 4 flU \ 11 1 LljjAj nVi\a ^Ujpll 

^^jVI jl j-* 4jV 1 fllUn J^La J\ i ~i Lll j Vj j^i < ij a ,^-lc (i-l^ >KVI) 

J 1 ti~t\l I \ \ \ II ,U*4I^ 1 jLkC JjajJ J^Aj ^411) j n VI JjULi jc_jjJJ I It oUj^JUl Lu>j 
(I fl \ n 4 11_U Q H iflLuil ^ Vi VI J I ^jLojJI JjUL 4 jjJ-a jJolla 4 _l£ j fllVt J-Aj < ^4 i n ^_Lc. 

jj-o 7,6.4 jjljjLo L^_j 0-ol2 ^1 4 wl , A all ^J| >j ftjAJjui-a jjtJjiJ LuLo j frl l .a ^JaJL-aj 
4 jj^ <jjI^_i ~ ■ I 1 if u< 4 ^U>.,. ^ i \>La 4 > \ a i n ol&jjh r 1 tJN - ^ 1975 — ^ 1964 ^Lc 

; 4 i* i Jg.ll 4, i,^l*rtv >6l cLJ[j ^jVI ^ If l^LculjjJ 4jus 



>haiSl ^-iLjj CjLA^aJI h^V . (9) f-L^iJI 3 t A« ^ w »Ua~ t li LaS ( 3 1 ja 11 SjaajJLI 3aU\t i| ^jjJLI 

. wi Vtl I 

6 j-Aj) 0.09jljJll jjJi.tJlj '4 /Cl0 6 J-^wJ 1.5 ^jnft 17.11 >£. 6J 1 ) U, .> ^ 

c 

4_jlj[JJ 6>ij 1.9 Jl 1KVI 6jlj-o lo ^J-L aj . (»L IjC. La ^j^VI ■_ & 1^^ 11 4 t. ..\ll i 

Lai ) -<JlJI <_jjJ»JI >aj 4-cl * nil wJjLLc 4 v A ^ \ 11 SjjjjJI j I 687 Ji>a ilJI JLj-^ 

24 h 37 6 a J^-a. ^jljjjJI (4_jjl>jVI SjjjJI) Lojj 780 4-kjl>-fiVl 

0 

25.2 6jIO ^^LuLa ^ l r 4-i 1^ LuiI 6jJIJ (^Ja-aj < ^jj ) -iJaJI I I >a 4Xl i itl 1 I A r j n< ^ f 

24 n itill <Jjl jJLl 4 ~> f j—i-u J v » < ^4. a jj VI J|j aJI c-jjLu ^^sj^yLl 4 tl .:. 

,>0.532 ij ft iaaJI ^Inftll jj xij (24.5 -3.6 La LLkJI ^Lau&JI aj >o/^ 
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<£.^ujj t 3.96 LaL^II (j^a^jVl 4 ^ja 0.107 4 ~ Lajj ^LlA 

290 K ^JJ 130 K La £jl^)JJ jt^il ^In mi Sjl^a. 4-a.jJj 5 LujLaJI 
l^ujjji LaA a i 6jLa-fi1 J.JX.J (0.15 j^oLi-JI J-aL-JLaj i(<AjjVI aaaII ^ LjJoiuj 

: ^lii ihLiAil JUJU 

. <lkl Jj <r>fl l-J J_j-a,j j*jx (Jjj Lojo jJX. 

: ciMJUl 

* 

^aJI JaLtAll £iijj .4 " v *\1 ~v_ <iil <j|^Lc «—>J^-A uUiii i 1 11 -j-uj <^j^Lc ^c jj , a 11 

1.1a. JJ3 IJUj . ^lx ^aall ^ln i ti jit (_£^aJI la* iAJI ^a 0.006 ^Jl^^a. 4 %lrw.i ^lx 

. ( S>>U <>» S>ej^ S j'j^ L f^ ul *^1 L^l (5 J ^ 

^J1 frill CiLuj^a. ^Ic. JaJU ^ha (till ^y> 4_AjlUI 4 a a. 4 u Ai 1 ^j-flJI 4 % aaiVI ^jLfi y*U,\-^j 


(^jJI) iff ^ < ..<VI ^jJLx j Lajjj <<Ifl^.l g* T^jj *J j II wj^J fr^J^aj iff > ***^1 fr^ja. 

-»-X >11 ^lx ( ^y\ "k. Aii ■ Q Qj 1 jl ItX^lj . a.Vl jljll 6 J * uffcl ^-lx J A..J U 

. a aa> ukia <^a iu ^-Aj^uu 4 a ua ^_A ^jJI ^Lfi i4 uullfl 4 JlAJj A 1 

cJjj ^L-i yll ■■ ^J_c dl-JL-a. jfcJ * > frL aJUJI jJLLaI I>1 fl lj> . J a, aL Jjl ^Jl Lj_ ajjJj 

jLcj i95% 4 >_xol« v 1 jLc. : Ll^LljjI t 4 fi. i_j ^c_t yLI <j1 oL-uljjJI 

jL^(j*^ *^<VK oljlt 1.6% ^jx-jVI jlfi-j *2.7% 4 ti^i'i» 

frill Sjii ^ CjLlaS iJIjJI 4j 1 frl aU II a a"i* j 6 loll 4 Uiiillij . 1 % < ua'n frill 

4"klrmj ^£^_aj) laJL-ucJI Aail 1 ^ II j jj Lajj U^-!j ^-^Hl CjI^ILII 

<Ajl Xa a ^-Lc. djjja-A ^^Lla lJJ^ajJ . ‘ ^<11 ^jlaL ^J_A 4 . .. ^LaX-V 4 _>j^uj ^| 

4a jIbJJI 4^1alll 4 -v 1 ... A j| jjp ( j^ajVl ^ic. v_ijij-*ll t^jLllLi OljjVI 1 n 4II dj^bllo 

^yjl A ittll 6^)^JI ‘ A ‘ ^ fr IjLjuxII Jj.OkJt ^-A |j ^ "will Jjj_£}\ t 1 ^jlj jl XilaJI^ 6 J-AA^ll 

a fjjal 6 ^a. ^ • LaLa 3 A"fc V > jl ^Jl Lao^a l 4 U Lu> j-zklj-jjj 

La <X^i.n 1 ^ jlj A*^S\ j \ l^-j^J Jxaj <11 La <JjLlC ua l^OJ ^_A 4jjjJ 4 iiVM ■ . -v 1 . 1 II 

jli-j frill J^a 4-j_aJj oljjli ^a LfiUj frl u% 1 > y ia - ^ AI i \ A j . <xLi-u/^ 50 ^Jl 35 

. ^15 

: ^-jjJll ijSjS jaujLAj 
(<J1 Aitill Jlallll ^a LS) y^j^j^JI ^claiuj ^jhO 40% ^Jl^a. tj|^ aaII ^loJU 

1 i^ja ^Lj JJjj 1 JjJ^aJI Jjulo^Li 4^jJlIIj ^Ja^uJI ^Jx ^li^UI) 4 -ljISjjJI ^aaJI ■*»! Aj li ^ 
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uiL^k II 3 k 111 ) GlLl^JI jkLil ^IjjJI (J* A* GjljJI ^r>ll 

Ini m i dJjLi-J ^IjJa-L-ol Ay \~\l Lcuj ^iJlj 6jljj^ Sj «ti V> 11 j 

< 3 * > La ^Jl <utr> <-k3b^J^j^k 3 ^«-OqJjlJI 

Aaj jO ^L!Laj . i ^ 1 Al^JI cjLfl^t "k "kVI > £-« ^JJIj j 5j *i* all ciU*lo j j-yj i^la^ 

Lajj £_jjJLI ajnt < 3 ^ f-LolsJI JoIaJ I ^Irfcm ^QJoUuJ <j;1 ^LaJjJI 

. ^ojVl Sj-JaA 3° Ka«n 1 <Jd& 

(<jjU!) 4-kJiJjLJI jjaaaJI JLaJi 3 ^* gjkJIJ 4 ^Uin ^ < jji aJI j-lj-u^1 jjy>j 3 ^ Ijla 
4 A x Al a~ ^iiijj Cj l aLq-X 4jl1x u)iaj jaJ . t^^JI I jjfc ^^-lx Jj-» jk **yj fiJjJX L ]u a ^ N > JLj 

^-A 4 KaMl ^jjLaJLl UXUIJJ ^-lx JC.I i-ujJ J£il.> 6j^fl jS jj SjAuftJI 3 ^ LaJj ^jjLx-oJJ 

<-JL*JI GflliUI JjJaJI 3° 1 3o (_^l,rk j V £jjil k_xl Jjl t-1 aU.lI JJUJUJ - Glot-i 

. jj ^..^M ^jJ a!A> JSJjII SxJL JyjJ Vj . ^jVl ^ JLaJI J-A LS 

: £J^I jUfil 

JjoVI j-iXJfiJI uU~v oLi^SL-uilll ^IjaIauL jv 1877 ^Lc 6jLo_ftl CjAaIo^I 

ft fill G}j «—iJt H~fc » l AA» * jujll ^Jx. '"31 ^ ' O j| 6^—fi - 1 * ' " > lU 

: GamloJI 1 tlfcl 

: (Phobos) -1 

^jVI J>a j-ftiJI G jjJj (^ill jkUoJkll ^hlAaj jtjjil J>=^ JJ^dJ ‘Cd>-*^ y>j-SVI Jjfcj 

<Kt»j , LojI j jjujll «l^Ijj c’LlJiJj (7 h 39 m ) J>^ Gl j^j £j-j-a 

3° 6j i \K 4ojL^^)J oLa^A (£y ~ ^jj . ^ 20 ^ 28 <l^lo £-Lu I jl i^Jalla 

^ <JjS 0.01 3° J51) Sj-LAj^ <I1jSj ^20 — ^10 {_yCk I ^ fl af j * ^200 — jklOO 

. LJU* gJ x jjjS kL-iu (j^l a&jj 
: (Deimos) -2 

^s>e LajI j j-^kj Oif A J J>^. JJJLJJ Jtjj-ail j-«-Lll >AJ 

<J^la ^ In jl^ jxlri*t\a j-jX <(30^ 1 8™) l1>^ 

Vj < I J-ah. ftj j « i n < a1j£j . ^ GoLS^j CjLa^A ^_1x ^ » Vj « 10 Gj-OjX.j ^ 1 6 

Laj jj ^Vl j-aA <Jj£ 3° J * J^j . LJUw JoLkiu ^ I ^Jx 1 

. LajILjuqI ^hJ CjL^ajSJI ^L^ol 
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The Planet Jupiter 4:7 

j > n ii lj 5 JI ic.j »a - '1 9 £—10 j_gj ulil I . 1 Ti> 

j^jlJ Li 1 ■ a 11 11 Ti L | ^ ^±j ^ I ^j ^LIaJ I L$-»a L2^^ < | L^_jlLi^^j < j > 1 1 1 ^ a *v *v > 

JJj <_ljLjJI 4-^jjJI ^jLjj . A \ \r\\ a ( j_fl cJaj-i illj, ^k-i i £_aV j A «^l < 6 Jj ^ 11 

Lolj . <j-mJl L ljj —JL> ‘ "■ 4 _~L x .. i J_L <lLJ JS A ~ V A 1 1?1 A A tj^ <G 1 _JlI C-t-i-k a^Jti^JI 

^ a -n. I 1 1 , ~ t A 1 \ 1 1 ^^a L^j^J 4 i > , /> L ^L t •v 4_ilx. iA i C ,*> 1 t j^ . i . I i1 1 > ■ ‘ ■ M 

^J| ,^juJI Ja £ J J-1j 1 I I ml 4,allo-a La^_^. I <j Jn-L.^, H *3 ,_ij) l'n llj <J1 a i T i l l ^ ■ s\ fl I Lai ^jLaJI 

JjjVI 

* * 

^Lc 11 — ^1972 ^Lc. 10 — Lfl a a i d j-iAc 4_LjL-o_fi jj-Lt-u > ol IL i jaJj 

4 v 9 v iLI| L^=k ^JI I ‘ * Ll|^ 4 2^)J)J 1 O Lq^JjlJLI J >~t^lI 4 Jl£. « 2^_£-j 1979 

t j . 111 . 1 


10 jOJ^LJ »l 143AJI 3 t lA>41 ld£ jfjitiXI dj^4-0 



Jju-aj 0.048 jl jJJ 4jj_^j_a ^J) J^J—aJuJIj i4 K la * v ^j 5.2 J>I<I «ti 11 6 J 1 > L> wij ~ A 

j 4 \ x .1 1 1 .86 |^gAdjJI ^ jj} IjjJIS^lij.l 18" 18" ,-H^KVl J* 6jl Jjs ^£^i-uu_a 

. 398.9 LljI^LsV I <Gj^j La ij 

^ Jj_^JI I » jjJlJI J^-a 4 _C-La i111 t, i^L a C. jii^> C .^ 9 54 11 I jJI 6^LA^ 

.(uUjJ ^ i /11 6jlj-a “v « n a ^-L. J ia t ^jj( ^ 3 7 6jl J_a ~i < m a ^-Lx. <L>l^~t a <3 Sj-»lj 




jIslgJIj <48.86 ( ^j> ljJI) ^LLJI jLijJIj 13 i till 3 jjI»a1I J jji aj 
1.3 iiLSUI J ji a aj t L y^ji\ <Ju£ ^ja 318 4 lllS jJLjj <( jdajVI j-U-a j^a 10.79 ^ aj 3-aJI 
Jj=kj Jj V) 60 <ujjl^JI {ja eJjj^JI 5_Cj^ij < ( JjL-u 4 fthi ft JjjSj t-AJj) 

o 

J*oL*-aj <( ^j j a II jj^o LjIsJI Cit fl Jail) 130 K £_Lj Sjlj^aJI <ajJj < ( (*U a Ail a^Lc. 

. I jjal 14 6jLa5) jjc. <0.51 ^LJI 

: JLaJLI 

JUJLl 6J «n CjIj—a 10 Q.\ mi <JjL_JLj <(_gj *t i til I ^j£J ^ < < i Jo luL j a Jl A J_^tJJ 

o 

^jljjjJI 6jJ A. a J'tu JoLulII 6jj JjajJ (j^jSU ^ < uj l n li i .ll 

jJiSI <alL ^i» ijj <<aJW1I 5^jI J\ oLcla-xti^U jii-oji (Sj~ x **41 l j juLi jj 

. ^<m < till <lkVk*ii> La k fti >n ^A 

: ^j^JI vJiUUI 

<1a klujj-fll ^jJI 4 t\\ all oLu^II <iu_u! jj ^j^lalaJJ CjJA] ^jJI 4 \ajin 11 oLt-uljjJI Jjj 

: <jJLjJI oLjSjII {ja ^ySjj (jj^JI <a}lx (jl 
CH 4 jUlIIj NH 3 Lu^iVI < 17% He ^jA^JIj < 82% <jui-oju H 2 ^p^jjj_kpl! 

. ^ljIj-J^ £>dlj-uVlj ,jljjVlj jfcjVlj frill V^jj La£ 1 % 4 wait 

IftjIftAj <—Aj-^1 ^yO s " Ail J„aJ cJa£-ll1 ^jJI 4—1—9I jXjJjJ&JI jJ_u^aJI j-flJajj 

Ji^lj ^Jl oljliJI I fl >9 iJj^jjj (^^aJLkjLA ^11 A=Jli_AJI ■**! Llxll j^JI oLiilo y_fi (frljj-L-Lj 

Lf-kJ dlj "k T> £-fijj_A 1^* k CjI j ^jIoLla JjX 6jLk-C ^^-Aj 4 i i < All JIdLLII iJllAj i$j£JI 

uuiA 4 alkali hUljlaJI ^_lc LpjJ tlAJJUj . 4 ^jL=*. ^Jl JjLIj {ja oljlill 

. <jjll1 oj-^VI J£Lilu 4, oIj^jJj ill t'j-k Luj-aVI tVvjj ■‘‘tj jj JoJL^oJI 

4 fth "h 11 JajIj^iUIj 4^oJ^VI 6JJI J^io ^ic. JdfcJU < frit Aj * “II t-J^jSJI jjljjJ U t > *<|J|J 

The Great Red Spot ^11 ^'j « ^II ol^jJI ^x.j 3 6^-^. ^a Sj u<> ^ilal^ idli^j <( jl^JVI 

»_k^^ySUI ^a jjj3 Jj juij jJu Vj J^Aiill <-)jl<Au ■ ^JLauliJI SjSJI > ^a ^-Aj 

^jJI 48 (orange) ^Lajj-Jlj (Pink) (^^^>11 ca^ 

. ^ <_ftJI 24 

j-jX frUlxll Jlj Laj <^^*k itill jpa«, ^a a. Vi,v aJTtll k_LuoljJull J^a ^llaj L^jl 9 LaU II J-Lj_jljj 

. l^ *tajkU ^j-a J^jSIIa 
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: *JtJI JLULI <j-a ^)l*lJLl Jjl A aL JI , \Wm\ 

1 *<t «- li^ . i5^ XII U i n> Ja^ -k" illLuJI 6jUo ^ja wi^Lc. ^jhj : Sj >n ftII (I 

■Ua 4^» ^ jla 3 JajJI I JJb ^Jx L* «All uH % <6^1aJ 1.^1^ ^yb 33% 

. 4 ft lira A 4_a.j J ^iVl 10 ^1 JfrnlJl £^a <L^j J (_£glx 


J U JuJI Jai 


I v. u * in Uj "W j II l$jl c-Lal*J! J W *ij '. ^tuu^JI (w 

. 4jlL*oJ 1 4uli 6jlll ^ja <JU. ittl I j II t-jjlgj 


d 1 1 flf ^jj t -v <LiUI JjjLxll j\Ut o ^Jx ^j~^w > <ju ^ULlII \ V>ajj : cjJJI (.^ 

Jaju^aj <a11qj 4_z^jJ >_flJI 30 ^Jl «^l11 I 6jl^)_Zk (Jjl * ft 11 ^Jj-oLsLjJI i. i > 11 *j^JI 

4,li ^ 6^)-a 20 ^Jl^-ck > j, tA*i 9 c-illl 4_t_S Lelj ■ (_£jLt ^ » -a. lr>i <n ,j » iLa 32 

jJjj ^Jx (j-0 0.5%JjLjU jk^k~k Sj^i^Tk^ka ^jOjVI 

(Jl^ a j^ak^J j-llLJL! i m iW i*ll ^_A <1 jLuuJI I 4-ft. Jo ^_A JJLI jjLj^-iVI 4^j_^ ^i 

• (5jIaIlaU 

: ^jUAI jLaii 

lit!I ^-a 4_LJj_gJI <JU»jVl jLa-flVl ^yC-Jj, t( jjUzA.\ Jj-a. j^$dJ l^-a-fl 14 ^J(jjk J^k^-i 

(Io) Jjl ,L^VI l^lx Jlklj . f 1610 r U a ^-< 1 ^ Jjl J,LS ^all ^LJlx jLiL 
^u^UJI j a a.ll dliAj (Callisto) j" — Jl <j (Ganymede) a ^j (Europa) 

■ a,t.T^I Jala J - 14 j<nf. ^jl^JI jLal^ ^ 1892 ^Ix. - AjJyj^l ^jJI (Amalthea) LujJLoI 

: CilxjA^ n ^Jl jLa-flVl 6 JJh ^ 1975 jklt 



jjJj ^kirk (j ddlfc jLa5l 11laj ^jxilkall jLa2l 4 «iua ujj^I jJ a j : 3 ii^lgjj jLoflVl (1 
£AJJ ^Aj j»JJ 16-L^I ^ 1-l^lAJ La ^jljOJ ifiljjJ CiljoijJ <JUui oljlj-a ^ 

^ix gAl aaiaII J-a.lj 4-a^j j^Jaj dLljJj . jV! j aftl ,jljjgll ^llaj 

Sjj-aJLl i£*JL (_^jJ g3 dJJjJj ^^jVI jAJft ,J^a la^k^k jj^l ^ 1 L1 lx jLa^Ij . Lajl J 
. ^* 1 1 njll^ g jajIa Ljjjl ^ LuuJLal gjuj < ■ ijSLuJllL ^1 

£j£A\ 1^-ak.jJajuj ij . ^jluJLl ^x LhgjLi 6jLj j-o Lxajjjj j Lag VI AdJl 4_flL»^ JSjj 

jj_aJl^ all uM-koij 4 ug^JI (j^lj-ill^ (Craters) 4joj^iJLI jJLaJlj 

Jijj . L^jLaaIo ^_a Lf iklgJI JKwVI <ajii l |jlfc hj 6jL&g1j ^^IxlJll 
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i n i i Till ^jL. LU jLLl l aK LlajjJj Lfl ilx ^->j) Vs 111 Jal i-jiJI I JJt 

£ 

£-ft l_^A3 


(j 6 ->v £mt M l_jj I ^_1 I J Lyj I ft l I a llltj ! I j La-flV I ( 

Jj-t-U ,* L~t 4 \\ ftj "t 4 It 11 Jlj-^- Jjj Jjj 100 l_A^la_fl J-Lu 4^-^— ^Jl 

?Ji 270 

Lfl-»L> j_i-ft_i_ij JiilC. £_jI^JI J ftflll ^Jl j^IiLaJI J ftfrll ft <7| : 3 1 AjLaJI jLaSVI (-^ 

ill 1 1 KV I ^_lx L^-jljl J_ft O Lj A t H ft JlA M) 4 6 J-L.L.^ Cjl j 4 i "W t IaI 

^LiXflVI ^£- ok fa *1. » I4 JJjfLj I I p l ft 111 II JJlIaj . 1 —A Jj -Aa 9 ^J1 3 ^Jl^j^j 
i * Til l Tya Jlu j-A-fl I wUA p 1 i A .11 rr nm ^_aJ 1 Cj I >*S a^J I Leujj . 4 il^ I jJ 1 

,^-lx <_cIjjjJI l flX r> J^_^, jjJjj ■ *0^zw 4 JajIu CjIjI^-o ^-S jjJjJ Lfl->J-~x fl 

. ^^X.Vl jLftiVI <_lAj ^j-uSkX 

The Planet Saturn J^j 4:8 

- * 

Jjl jJuo v-J-^ljjSLll I jfcJ_Lll Xus 4-jjjJLll j>jl 4 mil ^1 jSJI j-^.1 1 JJU 

.0 J 

t Jj^JJ I 4 14 A \ 11 ^ 1 a 1 a 31 ^y> 4_! l_A 4u lex * Jit 1 ^ (jx 1 6 1 0 ^ lx j> 1 1 a I lx. J_i ^Jx ,i -llIaJ I 1 

. ^j, > ft ft ^-iX 4J^flU> p 1 j k 4 <n <laXj /^X Jjj-t ^ <jLfi ^AjJL 4-JI L^Joj I 

^_S <■ L*i ft 6j^L*JI . v a 4 311 Lculj A JJ i Til I JJLj I jjfij 

1 1 oL-l^JH j^j >Jq TjX 3y*\ ^jLqj^U ft p 1 ft la II . J_ftxl1 J L-U.L. ijjUJl 4 a U \ 11 

( 1 ^jxi^Jkl 4_JI ^ 1 ■ I 4^a <J JaJBjJIj ^ 1 979 JjIjI ^j.4 ^JjJlSI <_£jJI 

; d,« 4 4UI | 4 <rf V t l^TiT^ \ cLJ 4 ^ 1 9 8 1 ^ lx 2 JS± Lji ^<-^3. | 4_J I Lft^j 



. CjliiaJlj 4*aj^yi IXxV . ^iul 100 d^IaJ ,jAiSlx 'j < ‘ - 1 g U5MI LoS J^xJJ 
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J-L-oj <0.0557 jl jJLI Jj.A jillj <4 t^U A 10 < nil ^jC, 6JJU In < a 

Sjj jJI) <Luj 29.46 * till J A^ljj 2 29 22.6 ell >KVI ^Jc. ajIx* < n a 

jJaJLI Jja. (ji jJjJI Ajlflj 378 4jjl^lflVI OjjJ LaIj (icLuuJI ujjIac 4ja^k\ll 
j^JI 6^-)26° 45" «ijlj^ Jl <11 ji~,l 6_>ilj Jj-.. (<£.L-JI VJ li* 10 h 14 m 24 s 
9.65 (jua.xtill 4jjl jJJ dtjjui JjJL<oj i ^<JL»jVI (J » J*r\ AII 4o£. Ajlj-o < n o 

.^jVI >5^5^ 8.9 <J jk : ^J ) >111^ 19.27” (eyl^JI) ^aLUJI >UIj . 

^)-o < ~ ^X. 0.68 4_fll VC1I (J J »^0J 4 6j—o 95 4-I.ll ^ ^ \yj 

0.61 J*l.ai.aj . j9k_pjiJI LLlII oift Jnll 95 K <i/^ 36 4-»-» jl^JI 

. Ij-a5 17 AjIaSI JJ£. 

: ^ui^LJULI JLaJtl 

JMi 6 J_ii (J^Lj-5 ( 3 -^ 4 flh ^ 11 <-aal.* A a JI Cil <*| 7 - LI k l i a *i 

^_Ic. ^k.lexu ^ nt lULulII Ajtj *>. o (jl l a ^ ^_ic Oj 2 i <j ^ < n jJo LLLU 

j i L ■*■■*■ 4 ilala pLakll ^jolxul eiljJj ((jgj a*.uI 1^ (jn^f ) A j 

4j jll! ^UJI L^j ^aajj <Lu I^Iu-uVI AjjljJ! Jj-zw ^jLfl <uiu 4-aj^x.lj <<^x£^JI 

■ (La jaLj oLjjj^jJIj oLij^pSJV^) 

4 V .. NH 3 <0.6% <>^g, C 2 H 6 < 11% He <88% H 2 ) : ^j^JI ^iUUI 

.( 0 . 2 % 

U»1j ik II <3-° oLaUcuj <_jJ5Li^ 6 3l°L»-«j < Jxli jj *1* 

NH 3 Lu^VI Llj <H 2 jIAj <CH 4 Cj\1A\ j l£ ^>0 

<-Aj-A.l <LxL^o d j ^ ol j ^ jj Ji-Ll. ^lc. JaKj L^>1 J A*i ^ II 6jj_a^o JJX. ^_^_s 

■ 6 J^ JjJ ^J C 6 H 6 ^jIjuVI jlx. ^1 J JiiJj AjAJ^JI A UAUIJ <fth"k II ^jaJI 

qJsu-uJ juA.yJI 4 X 4.4<1 LXU (wfl^LjLZfc.1 1ft* <A^lj^o ^j"tni.a ^_lc Aj^p^o J_L-c uH< njj I juA 

^jJI «I.l -v Qjj a< i 11 ^LjjJI i-iuj <<jjLlll OtjjVl ijj all j^^bj ^Jl ua* a. J^j 

. <ajI^JI oljLklJI * s> j^-la Jfci <, «*> 

B , A , l^J ^Jl ^JJ-55U JJLjVI ^yA Cjl ft l^k ^Xm J-^jJ 

«j«iJI^ (C , B , A ) ^ajVI olaV I 4 I 4 aJ-UL.JI tii^Uill ■**> 1 ^ G , F , E, D , C 

. 4aUU 
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Aj ji irfi <j, \A 4 ft liry <a!jLq LUadJyj 4 jjjIj JLaj ^j-a CiLaLaJI 6 JJl <Jl jtU Lei 

jl a] OuAj ^Jl (4 i SijIaJI CjL ftlaJI) pi j *i a Tt < u Olloj Lo LAjlln fll ^ry n. II 

Ciljl J-a pi ft j hi ■% 11 A J-A j j Jj j . j \aa ^ fl Jn ( J^ in ^ jjy jZ (< jl-wl jll CjI ftl^ll ) 

A J-A ,j1 tUl»JI J-A1 ajj . ^liJI Ajl J^bj <<Lb^L=kJ! <o£.jj- j L^Jla (J£J / t VS-> 4 i iUI 

(j-o Luj-fl ^ jJI^ J^jJ <jl»Ij Ci-iLSk ^lll jL-q-aVI j_a! LlL> ^j£, jjtlj Lljj cjL&IaJI 
J5l l*» <il *JLl cia^jL^=>1 iu-a. (Roche’s Limits LL*:) 

(jjj-fl ( JjL_fl_» A^ l W A oLlJ ^-11 J aaJI I j-A jin I tit j l AJifcj j)qA irfij {ja A^_a (2.44) 


C i K i tn ^jJI ^JjVI 4 i e\ tj * <il I <ajjJI ^ja liLLi .~»i au,."w1I a JjA Cul^ Laj Jj . \ n ^ \\ t jV aJI ^ jll 
jJll JjlAj j-aJ ^jjL<"41 ^jA <jjIjLII AjLLI A j-A ^J\ n Vi jJj < 4.li an.*,till 4Xj 1\ -yi I 1 ^ 'la 

^ya ^» JJLL. J-j^Jj oULJI A j-A 4_Lf^ »LoixJI jJ-A jj 4 \J 4_»L$j Jjklj L-oj1 

Jj*aj ^jJlj ^j£j£U *LajI^ \ 4uiVl AjjljJI aIjIj^ Ci l aLJI AJLA A y, £jjj • L y>jJ\ j-a-fl 4 

4 ah^w a oLaUjL Lfl-Tujj ^^jijVI ^_lc jjiI iti nil eiljJj «ijl J^VI ^ic. 27 


V aLUI <.i.uSjU La l fl t A 0 Jiifl I hill AdU^fc cLljJ ‘ I ^LsJI Jlj^o 

<kiLJ| juajuJI 41 itil ^yA 60% CiLL |^JUJ 4 ajJUa o ^LaSU 4 *iAi^JUi La l^laj 


. Ifek. 


. iLLJI ^jj h^ 11 j II ^jjLa j^a i*1j ft <*i ^ja (jj ^jjj ; Ajiuill —1 

U^JI jj-o < ft iin ^j- 0 <jU J »jj ■ il 4 i jJu twfl^Lc. ^j-A jj$uuj : ^Lau^JI -2 

. l^alfc j-flljJ! JjJaaJI ln« i All ^JjUb Ifl i ^a CiLjj^ CujLSj 


LajjJ *Lil LaS n.il^n n m t_9^X. (_yA ^jJ^a <jLj J JgJUj : olll —3 

. A^jCj Vj V^w jl*C 4 11 aMI ^jjIjlL! < aU« a 

: Ja.j jU51 

Jjlljj AjLajI ^}j . A^xLLxa (^j-OjVI (j*0 Vj jJAj^ l (J ^ I I^)_aA 17 (J^jJ 

! 5 JLJI t'jol^JkJLi j *ajj oiA Titan 


j5j CH 4 ^LLII jLc. (j-A (jj Suj «5jJ 1*^11 O-AJ jLa> ■ AAAJAJ nil Uni ^-fi^Lc <J (1 

(jl£ La-i j^j N 2 -LAiJI ^L-t J AJJJ 4 a1a* u ^.Ic ■_» 1^ jl (Jjl—m (J^uuL ^ l f ~u 
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-yW 4U4 x A Lolj ^-uojVI ^UjjI i-fll n «Al 5 <-fl^Lt ilL fn n £_Lu (l_j 

• <£•>^ ^ 1 -5 

. 90 K Ojl^Sfc <=k.j>J f In (_a. 

. ^.ul'f A Lfc^j ^1 ~*fj-*j/fX 2 jliu ja 5J1 5iU£ £-lu (j 

The Planet URANUS ^^ilj^1 oS^S 4:9 

fjJj fJL*JI Jj ^lx 5j-A JjV v J_flJj iO^LaJlII <ajL*JI i jj0 Jjl Jjo 

<^a}j jLqjj «jj>® <_*=><J siu^ f 1781 flc. (William Hershel) J*i^ 

■ ^41^*1*11 l jc. 6ji.J Ijlaj <i.i^iLiil IjjjJI wijjJo j\y Sj^^JLI 

^AjL <jL^j .<U^L=k ^At j a j Ol j ^Jooj *LxL * Jl i^jjL fl.C f_o 4 i-u-ftj J>^ 

. <J_^2w <AjI^j f,i.U ^jifcftiTill 6jl J-« 

jjjj 1 v JJ-^J i') 9 * Aj~ ft* ^1 aU 11 Ja f Lao <4-I^j_=h. ^_fl jj J-lL OxJj 

. ja l_j^sJLj 2- ^Ljil ^jij^J.1 ja JL&Jj f 1846 f U JjjjLu ■ ^* jLia^l fj ^IjuAj t<aic 
LjujAj JaIj Jftrik jlJ jLoI ^_lt i^JLLAA ^jlSA^SLJI JOBjlaua fl986 fit ^_fl ^^jjjjljjl 

. fit 1 77 ^J5k 6_^-o ^aJIj gJJ A nuaJLi 


Ul*JJI ijUI - ^L>JI Jl JI^VI 



: <AsjjII <jJUaiaJI ^j^aaL-^xikJl f^1 ilLJj^ 


*\ i u o Jf-fj <0.0472 <J^^0 ^jltiJlj <4 j£1a 6j-ZkJ 20 ^jn m till J)X 6JJU Jaaaj^iLo 
^jua JuJl J>^ uLu^ Sj-lij <(£j_a.lj <^jj (j-« J3l 0 46' 23.1 ' >.*li lKVI ^j-lt 6 jIj_a 
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OjjJ <j_Li Jx4 4-C.LJI i_JjLa£- jh^L AAA^JI 6jJ jJI ) 4 k i 11 84.01 

J-laj ^ L <>yCll <_lL> ^jn^f (<£.UJI ^jjLac 16 h II JjIj^jJI SjJLflj L>i 369.66 

o 

"mt a C.i"k*i CjL^.jJ j^jLoj Jjaj 6 n 97 53 6jl J-a t n a ^-l^- <jl^*i ml 6^jlj 
(_<J_)-AUeJ! j Ltflll J J % n^y t\hj/^& 6.7 tJI <jjljJll 4 jUE. j^y< tj v * ^ #^6^1 J-o 
6^o 14.6 4 jJj£ J-Lij jiaJ ^j-a CjI^-o 4 <J ^liAaJI jicxiJI JjULa^ |<a< ii^A 3.58 
< £>/^f£ 21 4-ujLaJI ^j-a t_->jjj-0-ll <-Cj —ljjj < 1 .2 <_flLj5U! Jj a aj ijj^jVI <h^ ^ya 

5 6jLcla1 jjcj * 0.35 ^j^LuJI J^oLslaj ^I ill II <j^=JI £j 1 flilill^ 95 K ^Lis Sjlj^JI <oxjjj 


: JLaJtl 

# 4 

6 J-A.il *Gj «ti £ 1I j In_kLlii-a VLa_a Jjj Jjl 2“ Lfl-L njl ^jJI CjH J ill cJj 

o 

55 ^L: jl Sjj t5 <J j-xlJoIi>JLI j^^JU <wilj_^jl <j^Ij (jlj (^-j-ojVI ^ < ujU LuLtl JLaJ.1 

^y> wiVl i.i. * A j <l£. iJUJU <Jj <t_~>£^LII ' “ iLll* 11 ^ II ja> Vj f^-jljjjJI *^ ^ 


:^aJI kJMJJI 

Lu>aVl V *yjy Vj ^1141 j II j CjIjLc- 4 \ fljlrkll ^jL^jljJI Jjj 

. J^j jj-i JbLa£ ft oljjij J\ ii< ^ylc tlumjj j 5 (jjii Lojj Jj < jlc J^xL 

^>AC. lj£, La ^l^ill j J^-j (j-o < I i tu Jjl »UkJI l ^ \ If. )J ^yjJI CjLjLljJI Jjj 
fdlljj ^y-fll^JI JaJt xAll jkJ 11 ciLl jj J^l J^lj *11 i II ^jA < ft tlr> 

: » <j1 g-LolaJI v a ~ * jj 


JjL-JI ^jaL^JIj [>° '-fl^Lc. ^J-Aj : SjtuiA}\ (1 

. Xa^lLl JjLJI ^jA Jjj Sjj I.> 1 < ^yJbj : (o 

. < LSI 11 iiiajdl j^alljJI ^ « ^ylc k_fl^Lc. ^-Aj : ^jjJI 

(Titania)!^!!^ (Oberon) ^jl : jLSl ^1 j^l ^ 

I \\l JL a j ^ all JLlA j |k 1787 ^Lc l^ A xiuSI ^LA J^Ii^jA (jL^j <<ajI^j LaJbj 
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.(Umbnel) Jj^Ij (Ariel) JLaj ^ 1948 ^L. ^4JI (Miranda) 

<£,LljjJ1 ,—)J Li_C £_A <Jj1^JLl-liV 1 6jjl_d mn ^LaaVI ^ i A 

jj*-» ^LasVI &j-A 4_s a l~>Sv lJjxi V^ . 1600 — 600 L<a jLa^VI &jjb ^Ua£i 



^>»' Jj' 


L |~ilfl 1 -v I t 4 t Lr I -v . ^ I d 

U i ^ > a fl'iu ciL&I^ < ^ '* a a. >_a l i ti \ *s I ^ 1977 

( J_lL^JI 4,Alloa A Q li a (<LlLo^) <4—4_i JLo ~. 1 ^ < ■ .■ -v I _Ul^_L4> j) * all jI 

* 

6 jJb JJUj OL/s » .tl 1 1L) L 4 I >Jj Vt ^ ^j-Oj VI LlJI Jiia .Till i A 

^jJI ^jdi A i T i l l a .x i.t iI 2% VI ^u^jlj V cLJjJj . (J^-j ol aIa. ^j-A <LSj ^il^i .-ilol-sdl 

w-k. 


The Planet Neptune j^LLi 4:10 


U1 J^jl t- Lftlxll Ja V i c- 1 -a.i-i.J I V-*—9 * v * d p * * 1 __ >$j $ --v > >~ 1 1 v a I 

jla_A ^ jJI J-lLj_a ^JL*JI 5^-oLik . jji j'-i_A ^_s Lkjj_i. 
Jjj-* 1^.jll Ajufl Ij^aj Ls LojJkCj 4_ujLaJI ^ I v *aiL> 

yg J jjd I ^jjj_a.VI L$ 1 aT ^J1 4 L A\ 11 11 ^_fl 4\ , ,. 90 

j v • ■* A * a i *Lj I *Lol*JI v ^ I 1 1 A \\r 4 t ^ j i^ o 4 o t o \ 2 * Ufljj. ■» 1 UVLka.1 v ~^-^ j . T.f 
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^3 Ijjj-a. uu% *< jlr. jjJf Jj fl y A u!^ (J^I^LaL JJj 

J^i7. ^Jx. JaAA LujicJ: (JjJS-u y_j£j£ ^Jojj . ^1 846 ^Lx. l_u JjJjaJI c-i^SLII J-uaj 

: oVl ifljjjtll <jjlajJoJI jkJbl clLJ^j <3 jj^ J 1 <"*^1 O-A L jJLus 

; 3 it t tin I I 

Jaa (0.0086 j\ jll i»y$j^o ^A JjJ-JJI j (< i<U A 30 (till ^yC. 6i * i In I I(_p 1 x 

o 

(j nn . ni l ^jljjjJI Sj-li ( J5l (gl) 1 46 23.5" J^KVI J*. A^> I J-o 

^IjjjJI « La_j_» 367.49 ^$_a 4-ljI^j-aVI <jjj j Loij |<i a -^jJI <\*n 164.8 

<Jjl jll <JLc.j-ljj J J.l.a j ( 28° 48 Sjlx. ^Jx. <jlj~k.i.ul d^jl J (JjljbJ 4 1 8 h Aj^ft 

A^lexA Jj-JL-aj ( i * n^A 4 -ajLj) 2.13 (gjAll&JI ^JoaII J J 1 aj t\± 5.5 ^ia, xJTill 

1.7 5aL 5UI JjJL-AJ r L< ^ajVl <Jj£ ^yA Aj-a 17 < *kK j-LuJ (jj-ajVl j ^.A Aj_a 3.8 ^ Aj K I 


^ ° • _ 3 

pUikll 50 K Ojl^Ah 24 <^jjl^JI . jp-(-o/^x. 

. ^jIjaa <Jj ( 0.35 J-qLiaj Lull JI 

: ^iinLiiX\ JLxll 

nn CjIuS Jjsuo^j jj Li j uilaiii a JIa. a p! all.ll ^A 

^jLL ^-a oJjjjVI 4 /»L^<11 cjLl^iJI (Jaj ^ic Jajlj (gjJI j:UJI f.j) jW $ II jl j ^ II 

. *'«Jalil A JLa-a <k Llxuj Lo-o <<j-aAj Jja y. i^^JI plxil u^j^JI 

:^JI csVJUl 

. I Ji . Ill i*S 4-4-0 Ij_j (J-oLl-o jjl JjJjj iuILa juy ^gg a* A^-C. ^ic Qp jj (gjio-i 

^A U> . ni l JuAj (^HJLlj jkjjJL^JIj oljLt ijl*. (gjJLau (g^JI 4-A^Li. jl c-Ldill 

Vj . AJjJ^ till Jjl&j L^kj^JI ^_lc JAA LuyoVl Llj L»jJ <jllacl 

. 4 -vL... ^ix. j w^lf.1 CiLl^lni^nl <jlA 

: ^.^J^JI o^jUl 

t-J £jJ JUJ JjliJ f-l iVkAiiLi |j| ^j l ■ Lfl-jl *La 4_ui^p UL^f J-^^41 t j^o 

. (J4i^jljj1 iiliS ialiJI <1 aI!£ jV . Ia^ww 

: LoJb jl vj^r . ^1 jaI J>=u jjJlj : jLaSI 

^ru.^ Jjbuj jjlLc l aai^ ^jSI ^ 1846 ^lc >,Ai n*>^l : Triton (1 

^ 7200 a^Iaa j-l jjj .^ULjJLI jLc ^Jx. t »L A ^ v_iiLc. <Jj jujll 
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Jj^k I < 1 *a\lL Y\ icLJI Cjjlic. £_a jjA-LJ J jjJ jj 

o 

(^^jIj 20 dtuKVI (sS iA4> * Jf-^j • 6 J}L&. (JljJLu 

* uS^ LT^! V 

d^laj ^JLljj » ^-tl jS ^jja 1 a ^ jJL-fc^al ^aj < ^ 1949 ^Lc v A i ti ^I : Neried jjjoj (o 

o>j-^ JL y*> jj-4j <Sjo-i-£ j~* ijjjj-ii jj jl * [ 6jl J->oj 600 

o ^ 

28 SjjI^j JIlKVI ^Ic ^gj~> i ti n Jx«jj <^aj Jlo 5_cLJ! 

. Aj-^-lj <li-u J^LL jjIiJ s.V.^.\j bjjJ 

The Planet Pluto ^jjJL ia£}£ 4:11 

^-S La (jL£-o LaLc. inf, (j*o j^alml uA > JJLj ^1930 ^Lc v ft < m Ts 1 

<LljJo^ol L-OljI j^Iai jl J-a ^_fl (jl pl.nll II ^j t^u-^k ^zOjj ^ui^k <jLljJI C_JjJ 6j^A 

i JjJ^k jjC. u,.i"kj>ll (jjj£ifiJI Ijj «(j*i^jljjl jl Jla qLIjJoul^I Jjaj V <jlj 

: <jaojJoJI jkjbl cLlII^j jJL^Jl jjj^L l^fli-alSlLa 

UA JxaJ 0.25 jl jil 4jjSj^a ^-fl jj Jjjjlj . Aj& 19 6 J^bj 49 ^jUAi till (jfi, 6JAJ J^joj^Xa 
<-JjIjVI Ajj^j LaIj .4iaii 248.4 ^cLfL.<.tJI i 17 1 .»tr^l^CVI 6^1 s* 

djl j-a (j JLlj. i- A 5 jjI j Jf-oj (kjj6.39 jj^il J>a. <jljjJI S^iij Lajj 367 Lr ^i 

o 

(csj^j^O (Jj ji Aj . £i/^ 4.6 ^j‘ tA a±JI JL^k <jjIjJLI <j_c.j_a-ij Jj i aj t 65 

0.002 <*kh^ ^Ioa (j-® 0.5 ^Jl 0.2 jo La ^&* II ajlnj Jaaxj 0.25" 

j*o L-Ijj-^J! 5-Cj-i-uj I 0.8 ^Jl 0.5 ^jo La O^Ui£ J j JLjtt < hX j^A 

^j^Lj-JI (JjL« aj < ^^_2kJI LilaJI .-»! & t-Lll^ 40 IC ^ ^Ljj nij/^1 <^jjL^JI 

. ^Jj «0.4 


: ^iidiliaU JloJll 

. U. u *ii» Ijj^k^A V (jl jlj < j)VI >-SjjA* jaL 

:^^aJI ciiUdl 

.4I\<J ^^U... jjx 4 fljfl-kll oljliJI t— iijj ^ 4 j-jI£LaI JjJjj ^^aJ! <i^Lc (jl v q"*j 

j5j . jlj^JI <£JLak. »l Am 4*1 ^,a a 4La\ JSji) ^_ic. 111 jjju» ^ d' < »*t>VI <15 
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<j1 pLJxJI iVn jj LyjuiVlj (jUjilj (j^JjSJI ■ U4.0*^1 < Jj lj ^/^j^pjjJI jLc 

. Lul I A iS (jJjoLkJI ^ t » £jVl jit 

; <Jlill .-tl a iHI \yz jj^Jj u$^ J » La1b.1I £-Sjjj 

(j^o JjJj JI 4^1n* n j itiTn j ^ "k irf^lLi ^JtlaJLl ^ULlII JuIa {ja \ ftJt Tjj 1 SjjJulAJI (1 

. 6j tf i^ll JLlxJI jnatj CjUjiJI 


. yCll ^klaAjo 4_fljUI 6JJb ui^ pill JjIx ( j- A u-flJljJJ • ^LuiJI (*-J 


. <jJIc <-fltj^ ^ j jJfcj I oJJI (_X 

: ojUii 

‘1200 d^ioLfi jAijj (charon) f *i^ I a ^cjj Ij^. 1 ^ l^a_a »l nU II *. axt.^^l 
£* >»>Li J>x S j-jx !j <jjjLx j-«-a 1I <015 t>° 10% JLh* oJi^ 

J[^x Sj^J J.a5LJ 6 jj J JjJjLx «LxLLxj (jjjJI ^jalLj . Lajj 6.39 JS icLuJI cjjLSljC. 

(jjjLx jAill jl JLa % \ i.< 4 a Jjbajj . JLxl^ <Lx^j jjJj IjljIj j ^aJI j^Jaj Ix^Jj <4uiii 

o 

. 65 UjIjlLo <a_jljj jlxo Jc 

. The Asteroids and Comets CjUjoUj oUSjjSJI 4:12 

ijJllA J pLaJaJI J_xj ■*’* ix <4 Jailo ^1 . Aall 4..., A .7.11 4 pj 11 <iL^ £_il^o J 

Ijjb ^ 1772 ^lc jJUJI j j5j . jtmiJI s jLxjI L-aLk Loliaj 
( jJI 4 ~II j|jx.VI jj-o 4 L,.l.^Aj (Bod s Law) j^j 6 jx.L£ ^ujL> ^jJI ^Ualll 

JflMjJI i„i * ux jl J£.Vl 6 JjA JjJxJ • JIIA *lJI ^£> ■ i^l^^-ll ftjjb Jjlj 4 A til 

: 5JL1I 


R = 3 (2)"' 2 + 4 


I n — 1 JjUftjJ J-Q-Z * j“ A illl ^£. 6JAJ ‘_ U Jxilin ill fijl\ — n ^ t>JV 

( n = 7 JxjJj i n = 6 (_$_) «n = 5 * n—4 i n = 3 < n - 2 

<(J i. a * t . l l ^ ja il l Jloj (R) Llj t n = 10 jSjLJj n = 9 < n = 8 

0 ^llll |\ i ii fl t 4 _j5C1q 6J-xj Jl m * nil b±A Jjjxj LjJjI I jlj < 10 JjLa3 < i *4i\lL ^-Aj) 

•10 Jc 


6 J£>lS uUjiX Jjltaf. Jjlj t . x t axl : JlLo 
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= 0.55 <£li 


r = R n=i _ 3 ( 2) n ' 2 44 _ 3 ( 2) -1 +4 _ _ 5 : 5 _ 

1 10 10 10 10 

1 ilal )J A, ^ 1* 6JAJ ( 0 . 39 ) jua ilill JjUftA 1 ^ tfl II JJLil l ^£. "W i 

:^lc, ^j^U JjJ 6»l£.L2 


r _ R n-i _ 3 ( 2) 3 ~ 2 + 4 _ 3 ( 2)'+4 = 6 + 4 
10 10 10 10 




L y**ji\ * > _ 4i&iAaJI iflLJLi J!laj 



fUaill CiUSjyJI 5 

U jji 111 . LoLaJ <jL^J jjLU jTLJ ylI JJLJ ^ < llAAti.ll ^llftlII (jl P-LaJjJI JtTL-wV 

1 a v\r ^uamJI i>° (2.8) <Mjj (jA? lA- 

£jLl> Lf loA_J Jjj J^iLS jl J-SljJlj < 4 jj^ fr l a Ul l <-flfJ < Jjj a>»Li (n = 5 ) AA 

l$_Lo olj^iil JJJ^II + UaJI «X=kj1 I jjfc £AJ Jjjhj fjj2±> I J£- La jJaJ-L £ Jaz*. 

j}}^ gji A Jj.II I UJAAJ*J La^jl jIxa Cll>fc Luj j] IJ-A-fl Ji-oVl <^L£ JJjl> (31 

jLo_5l jL*_» 1 jj£ jJL> jjj^=JI . jVI j j mi' jjj Ji>»LU . 1 4_t^Jt 

. L-^jI f '+A 2 * ! LfjSIjS A AjJ 
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*LJ*JI Jjj 12 ^ ulH^J ^jLijj^JI .ijiu i^l j3 \3 

^tJj *Wk.VI 4 flh-k n OjA. ^O JlS VI L$j J^JJ V «7tl Ij 5-flU-ail Jjl 

LbJJX. pLvUJI ^J-fijj 4^jp« 0.04% Jjt IJLL4A 1 Jjjj V CjL 

6 jjh j-j^Ij (^1984) <la5L»j^ 2000 oVI I p 1 * Ij^-ujj <<j£ jji t_iJ1 30 
JjLj < Lu^_Aj < K*tij 1000 ^Jl^Jk. J> ^1 jjj Ceres (jAijj **> ^tJj CjL^jjSDI 

. »U1*JI I <i^ Lajjljj ^1801 jk.Lt > a it.7\l ll> ^ 6 jo*j (2.77) ^lc. 

Ijjiij Juno Lit j jjIja.1 j>L£j^ twLuiu^l ^ 1807 ^lt < Pallas ^VL *u j^.1 

<au iAll iiiaiVI aj-a ^.lt ^^Jiolj Astrea L^>ii nl ■_j5Lj£JI s &<^I ^ 1845 ^lt Vesta 
. 6 j Ji *a!I jkj^jJL til (Asteroids) jjjjijiLml ^uj) <£^Io-l-uJI 

•r ^ 1 uaJI .-.l L<_^<JI 6 AA ■ »-i ^ <-i_uljJ frLaixll jjiftj ,L flJj 

< Lfl-A^a*3k JjJjLli <jjlj)JI LAjlLa-fll ^L-flj <g.I^. a-tJI Oaj <JcJuVI JLa^o £^Lj_uJ 1 

(_jt oLo^Jjljo ^JLxAj uu i l^A^Lm J^t 4 ..X<\ 11 j a <t, 5 U j^JulaJI JaL^aJI I^.a jAa.i-xjlj LaS 

LLL ^_aj (Meteorites) cJjl u 11 j-j-lLLU JaI^jlJI ^ a ^ - L ^ ~^L^. 1 a j^JI . jll^^iII 
0 ' 0 *' 1 * 

> T >$ ~ v ' a < Laj^wj LpAjjU* ^lioj Lfl U *vj LIjlfll ^j^ajVl ^j-o . »j~ Q~ ^jJI oL^jjlSJI 
La«<i*ia ^ * 4 *k%II <Li_^. ^ 6 jlt l^aA t')& jy (Meteors) ^_x^»jVI ^j^JI ^JMjlII 

< 6 j J Afl 4 JJ. 4 A Ijlil i^jL I s_d^LsJ I ^jfl I <-Ajli 4-tj-4-uJ 

6 JjAI lito (<j_flLuo frl a I nil (jj^ Ljja| 6 J-aJ^Jl <UJI (jl^ Aji t-L i till jJLjj 

o-^jVI 4 ill Lfij-L ^ ^ Jlh-=^ A " l>° j-^1 

t * 

jkioj^j l A.ut l^-Lo xa.1 ^11 JjjJ J-5 - fct 1 A . I LLyjj jkL^-=»JI fcj^ll VI t _^-=>jVI ^flfH 111 

i ^Jt Sjj aa Impact Carters ^LLj^I oLa^ jj !Sj IAjjtj j^LJol ^jlc ^^jVI ^Luu 

. eJjLlIL La jot ^t jjj (^cuflJI ^Ixuj ^_lt ^jJI «dJj 411 it" 
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JjUjJlj t ^laldLA i 


OUSj^SJJ * i£JI cjaSjUl 


(j-° 75% (jl ^& JrJI JaLjJI oLuiljj Jjj 

JlJJ_= kj| ^Jjtk t—flfi T> Cil 4jj£JI ^-0 % 5 ^Jl^-^. ^jOll 6J ft ft ,0 <J^aA C. 4-jjjjji jlj—o 

. oKthiitll Jm J t (f\Vi CiL^JJ^JI (j-o <a 5UI llj JSajJlj 


OU^j^JI Ciljlj-d 

. <*LJI cjjLaC. ^jljjjJ L*-a *LAjL JjLa J>ia «7ill t J » -=w .^.1 X jj*C 11 jjSj 

^fAj *nll (j£- d j£ 1 fl dX&j 3.3 j 2.2 ij/u La O-fllIjJI 4 aLvll ^llAVtl jjx ^jJLc. 

(jfl itt II CJ^La.j ^_lc I^L^w 2u Vj LJLx ■■>.! J " xjli^JI (jo^L-o ^Al >11 t fl JjC V » ~ *" 

(0.3 ^J 1 <J jj j-*tl I 4 J (OjIj 4 t ^ A a! L^jIjI J_Aj i_j£l^5Ljl (j\J ^AJ ^jJI <Jil 1 A ft] I 

o “ 

^ ^.lll ol ,U*JI .20 ^JJ jft(Q l^jljlj-c CjLjp t an J \amj 

jj dJllA Ijni jlj « Ijj 1 ^ La JJ_C J5 j-juoLiJI Cj^ jJI ^jSJj ^jAft k 11 4 (Alt J-A 

<(^AJL-o ^jjJ ol J Ciljl J-a (JlxA ^j] 1 <j| Ia£ (^AjlJI l ^ *Aji i £-0 1 Ajl <n"l <jjI^-a 

V ^* tt * A 5 jjjJ jjLojlj <jlULa jLftjl diljl J-a Laju-i l^j ft oLir^JI JL^Ijp j!l^j 
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J jj CiLcljJftj CiL^JjUL iJjALLI J^Llill 6 JJI qLlC-JJ^ 1 J ft 

.".LK^yCil . I jjb «<jiU 6 j^j 3.28 j <u^ 1 ft 6 j^j 2.5 jjlj j-£jj (Kirk Wood) 
djli j>a 1/4 jl 1/3 jl 1/2 JjLaC a « t i l l JjA (jljjJ oljli Lfj oljlj-a jj -£ ,^lJI 

^jliLI £_a iljtLLa l-J As* (^>3 ^1 (^-ajXjJL-u (j n a * 7 i l l ^j *i i t ill (jljjjJ 

* 

£-aj 1 iuil (ja 1 trkjjJj jl J-a j t »"> ^1 (_£ JjJ laa < ^L»Lft3 l aK jl J-LI (ja 

* 

. oLcl^-aJI j^h^j i.**n J^j cjL&La ^_fl L&^ . jiil <ja LcjLft jIjJLI w^i > (jajJI J^L 

>^n tut (jSJj <6 J>J C HUi.7i ^Jl jAftilj L£j£ jL£ Lqjj Ju-ol (jU 1 .1 ala II JLAIjuj 

V id-4 6jjJ^o Cj 1 &JA 6J La (jl jJ_uj .^IjJI I JJb J» LiaiiI CjI i5L_^JI <k£ 3J3 

6^3 V. mil) j^JLa Ll a t. ftjjfdl j1 ^ UIaji* jsJ_j ?n <ia < ull Lcja^kJ, I cJXaaiJ LoJIlC. 

<<la ^UL 5JU <Cjj-u l^_jUa£.Jj Lfl lirh «*t ^3 i * ' *JI (jlS uu^k «jijal<i-uL l^J ^j"ntitl 

■ SjjLaJJ uj£Ij£JI IflJfkflLmjj Ifrjlajl xaj JJ£. 5 jLj ^1\ ^jl ^u.^. 

Comets CjLljAU 

jl Ji>L Je*i Ji" g-aV ^ulj (ja I jjLaJka Lftj^J <<jj 1 a 

1^j| ^Luijl L V 0 tf~ | JjJj | ^jJ j ti l 4 i > ->■ > 4jiA4UJ 4 j Lulu 

^pft V— LtjJI ^jAj uuj CjLljjII j3 ^jlSj ^bOjVl (jjj-ZkJ! ^_flV-*JL T> 

(jjfc La oLjjll (jl Ci-uLfi ^l 577 jaLc. ^jAI^j^SLiIj ^JIaJI c- L-v ^Izk. jLajJL j v7~>j 

• ^J^jJll jjjjuJI SJjJ al» 4^1 aolil CjIj! J-a ^-fl ^juaaIJI J » j^Jj Ljla uu VI 

<»l <n ftll ^_fl ,.LUIA JjL JjlSLa ^jLjj < ^jC- 4 ol~ ^ ^ LIj^j L^jIjI J-a ~ ■ “ A J-A^ajj 

L^ » ft lj-a (jLft k-JJj-fl tjl^a ( j^a CajL^ jJj <5j-jUaI_a CjI jLt ^-lc L^jlj*j ^1 JaJoj 

, 6 ^ jj-Lc JJftLdkall 4 ,LuiiJii jiiiliJi 

CjV. a am ^ * -v 1^ ^ t ^ U (Edmund Halley) ^La jij_ajl ^Ik^l jJLJI *U> Laj^j 
« jkl607 < ^ 1532 ^ ol^JI (^-ft J ^ L ^jjl ujjjll (jl J—a^j—ft oLujil J^^in 

^yaj i 76 ^jna*7ill (£jJ^ L>*3 *— 1 ^*^>1 4j] j-lftLfl I<^jl aa* 1 a ^1682 

^g^lfl aj-a^j 18 ^Lu JaVI 6jlji j olll j^ -rv11 (jl (juj iJUdl jL£ j » jL3 JV-^> 

l a. Uf. c^u^La ^-i-ftl^-a LdjLa. J-ftJj * ^1910 ^Lc ^_fl 6^-a j ^ L > ^j] . Luj-3j 

(ja LjUj-ft (jLS • ^1986 j*>Lc. (jl t It jj ^_fl (Jt>a 4 Tall pLl» 1 (ja 

l | inl i oljl J-a ol nJ a 1 Ij . OjJbLkLa jpa (jSLcuIj jdfl (jJjVl LJ 4 1 * i/ilL ( j-flVl 
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5JL-J1 j 4 \ iA ^_Lc ^»U ft 4 \ j A ^_Lc 1 ^ diAjl >J jiii) ^ ~v il aI 

Jj-^. jjJ^ oLuiLI jLi Cj£^j * ^ Vl Loi l^°j ^ Ll 

. Ijjl AJjaJj AjA ^<ta ilill 



J_»jJI J 3 u_L j JlIJI li^Vl957/5/l ^jJl 1957/4/26 ^ 3 >nv»^ ^ui 4 «*ia-v jtj-o ^pic. jJ^jjj ^jjX 


OLujXI <-LiSp 

4jLl J.ftl ^Jj_a J-i-C. ^yuA *1*11 ^jC. I J UU j LjL_I 1 pi * Aft II ^_fl t-ijj-U UL^ -1 

. 4.ft lg.^11 CjijLiJI ^jA 4-t J-l1zw 4 q J-> t t, Q U ^ Jl^JI ^U"\ a j, >r. -y - ^ ^ ^ < ~ ^ lr UL^ - * 

: ^_A 4_lxXa ^JoIoa jtAn ^j4aa 17JI 4*jIj2jI J-l£. 

: Nucleus 51 ^Ul 


< \ n **£I ^-iljj pill ^ya a Uajj CjLjjj-^ ^jA (CjLuji.1 ^)A t> JiLa3 

jI^-a ^_Ic. ~ * Lcuj^j cjIj," ^ 1LjuAj La jkft *-Iajj ( JjLLJLIj jjLxii-JI^ 

. <Lu Jjla 


; Coma <L«£^LuJI 

4 -a jX jljA I Jj-oj LojJiC ^ I ) (jn^Till c-ijjll ^_jI^IL fl! . l‘iT. ^Jojj 

# 

~N. 6 J a -> J I ~) 1 ^LjJI ^ '' ^ ‘ L ‘ ^ H > 4 ell "I 1 oljLxJI LljJ_L J< ■ T. U 


129 



Ifjl >1^1 4 iftJrfcll JjJj ^ 100,000 LAjLl£ g. 1 tJJ jiiA*U I 4 % t til Jxftj 

5,1 a x a oL-jjj-^ (N 2 ’ * CN ♦ CH , C 3 , C 7 , H 2 0) -<U^ i.u i oLLtj-^ (j—^ 

. (H 2 , CH 4 , NH 3 , C0 2 ) 

: Tail JjiJl 

OULtla lj Uj-^. jJkOJJ ujJA (jua *till (_j-o Ij t \ < \ jll Jj£- (JjjJI 

^ j UlJI <j^Lc elj.^1 ^ jjiJ ujJA <i^l ajiII 4 J^.*i A ajlJI oUL t - ^ yi J-JLAj 4-j»=fc.jUJI 

JjoJI v ~ a jj |jiiA Mill 61 ^jn^f )^_fl JjJ 4 jj^La aljJI I 1 j 1 1 h i 1 1^ 

JjL-* U>^d>) fVl 1-ujJI <>> >Aj ^ oljJU^LSJI lAjM-* 

Lj it (J fljl s 4 -jJi^ < till oLAjj_aJlj ol^jJI 4 i ui a * til I j'LjjJI ^jL^i (J« aj 

JLJ.L j** 1 ~ " a 4 _jJLc 4jbUo OL)"> *u 4 Sjli-o <1^Autll 4 ia»JJ> CjIjH ^ » irtlj L^-jIjj^j~?\II 

l+L* *J* vIm UJ i4jJLuJI L^UjjjSJI ^-o jLzkJ^J Jj-JLj Lojlx.j <^jii Aalll ^,4^ J k IajJLI 

. (CH+ , C0 2 + , N 2 + , Co+) 


4 % jJj 6j-A n"h 11 JiLa 4 -jjJj ^jLxJlII uojjjl ^ CJj 6jLc lj ^jIj cJliAj 

^ \ U . ^>1 ^ A, A i **.11 6 jLa 4jjLi-t Cll A * i^U ah {jA \ ft K <(^04 i Till ia ill 

ic-ijjJLl * all 6jJftj 4 a fl,.l~>fl «4 ^lai^ *4*11 jLJlJI i *i a aJiII J^ljUiiVI) *All 


. ^jjjVI t-ujil fjC. I Jjaj ^VtTl ciLJjJj 

> T U,.M I j\ J_A (jiiA iiJI J 1 t*4J VjJ^. <jj^4 i^kjjJI » JlIa. jLJJI -«1 AXiiiA 

6AA ^ ttil diljuj JiVI 4‘i I III! 6X^lj 6 j- 4» JjJ—aJI I ±A ^^jVl f4 i a ft> 

4ia^uljj ^*i ^ k i ^ 4-Cj AAAI jJjLjJI <Jjl jJlII pi 

ul^ **» 1000 ^J1 JiAJ 6 y> yC CjV J t.4U 4 >jJLilj| »Ia.« Jl i— fc| illl «- 1 ^JI £a "> I 

.(Meteor Showers) oU.jj 5 jM UJI 6 1 a o»^ ^a. 
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> uiU vJUtSjJ 

The Sun nil 4-13 

. (iiLuJI LjjA^a ^Ja Sj^jJLI ^aIII iijlilL Li^^j ^ 3 LJ 

LjJ$ jLaJI ^>a <jj£-A LfiLi ^jVl fjC. jo fl i t ill . ^jVl pj y\W u-ij-fll 

I nln a jj LjjI _$-j .iA.ll SjSUI^ jiia *till ^Iojuj ■ u »« ^ jjj 

■ S j'>=^b 

<JLxJoJI ‘ ^dbl iiLJIj < Ij-LAA 4 1 mAoJI < AaII <* jj,A% 99.9 l(j i, 

: <ij^il 


jJxij 31’ 59” l+J^Ukll ^jl^JI >Ulj. j^u>^ 149.6 ^jVI <> 

^nft itill ia -h.il jlaill j*Luj < 3 pu-u/|*X. 1.4 1 ^ " tti U .<jw-C 1.99 X 10 33 l $ 1 h£ 
27.9 a <ojjLaJI 4 1a fc LaI^ .ii»/^ 618 i | ^a o^Ls^/I ^^j-**■ ^ lr>j ^1.4 x 10^ 

. < ftUnA i^jj (J^jIa 14 6 jIj_oJI . <-t- aAjVI igjjLaJI <laX. 6 j~a 

dj-lij 1 7 10' g-La fl jIaa (5> *> m Lr lt ^y uA . t i l l jljjJ J" L»\j 


131 



LjIaA 4-U.fl \1 28 ^ I t "ij i L^l J *L * ill Ja-ft 4JnVJ 25 ^ a 

j£j*c JLh* 4jjlj_o l+lj . - > 11^0VI SlC. <\n\ il jljj 34 ^Jl J<4Jft*ii^ll ^^-ftjjJI 
<a ^1 m ft iMl cuLUIj 5 -jjLjJI 250 <_cj *in L$J ^ -v *<jLajJI ^jj 5 j ^ * 

<-ul j» j Lftlj . < \ktj/ j* ah 1.94 ^irfci j» ^Jl Jaa) ^1 <aJ1 a 411tiVI 

3.83 X 10 33 Q »l iAftll ^Jl jm a *ull L^ll n ^-lll 4-JLo-jftVI 4-lUftJI < j a*S <^11 a itill 

. <1 fllL ft 5800 1 ^ 6 jl^^ ^Ljj 


^uaJlU ^UJI ojS^LJI 4:13:1 

4jjLaJI j£j-a ^ ^k*t uJaJI ^jLi-uj ■ lx *a*j Li^ftlliJ <jjlx <jj lt 6^£ ^juft itill 

jiiAjuJI ~*h ."^11 ^Ij^^ftVl ^jJI nil jliJI 1ft*. in 

(_£^ft.Vl j-t-oLuJI <LlL>j 27% 4-iAAiii ^VJ ilifl II jlcj < 70% 4 ixoli jLc- (j^o lulixj$ 

ijjlflJI i^ys ^jVl <^abjj*ulll < ( j^ Jj^Jl # Jjjjj-JI i^jJjjojJI J ft i tnj < % 3 4 uuli 

(jJI ... ^JXLAUa£ til 

djIj^ftJI 4^ftjJj I jL2k 6jAJ^ jLiJI 4-flLj^ u ift. jUA AlJI JUL 4jU4-U A JlJI 4 qLUJI jJjJuj 


<a_A j (u H)L^ JtLflj <JftjLul^j^ Aj j y kJI <iftlAjiVI CiMcUllI cjJ^j fc * >■ ft < IAft 4 -lJIx 

^ A 1 6 ' I *cll^l UL>^J (cjLj^jj^) lA^JL) ^ i 0 ' I *1jjJ CjL>» £jj1 

<Jjljl-ft uUit ft <4_£Llo ^JJ ft -U d hCII f j .4lgLl a ill jl^ll <Jl£ JjI <-.ytUI iljjjl 

Jj-ftju ^lll iJjIIlLuI 

P^iAll X <3lL ^J) I 6jlll <tS — (j-o <LaJllll <4UftiI jjl 


AE = Am . C 2 

> 1 ' > 1 ' >L 

erg gm cm/sec 

J^xii ^Jx. 4.4Ha ^Jl "k "kj Jfcl q ~^ (_]/ 7 "jtj v l 4 11 ^h *C ^ya 0.7% al a U.1I Xftj j alj 

(jJI (ju ft itill ^loL {j* Ijjft aZj* JiLftj (LoLft 4* 4 jJLc 4-4lio CjI J CiljjJji 

4il^JI CjI J CjLjjjVI 4u> jl x^ftt J^Lft Cjl^Jll £aj^L» ^jUi-uI^ ^^Li-oj-aI 4J ^JftjuJI 

4j^la jl JjJJ <4JLflUft ^ya ( j y J-iil d \ L> 6jJ j J-a ^ f j . ^jfl 4 _jJL*JI 

iIAJ^La Jjlj ^ln*u II ^Jl J < 4“\\ ^ ^j|^ *tif. jl m ft dj-ftJLjj jkjli^u) 
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ju>I1 fjA fan <J^la U «ull <Jj—t-pj ■ U C.J <Jo^J ^j-o CjI^i < nil 

; <J )l yaJI jLliil ^Jl 4^ II 

: 2Ui^UI OlfifcJI -1 

0.25 Ja *alj) LjjJlII 4 i 1 O^Lcl ft*kll uijAJ u>i% 1 (Lji^ll &ljjJI) ! uUI (1 

. jloA uAi^j ^yt> 

Ja * ojj) ^jtua *ull ■ it* M i tiV L nil 6jlj-aJI L| 1 6 ^JftVwj ! ^LjuLVI Ujfa (i*J 

. (^jn ft .till j!^A i L^j 0.68 

<> 0.98 ^ Jft itnj) Ja^JL ^tUiuII AjIj^JI LffJ JLaojj : 3iJa 

. (^UAijJI ^lo4 

. jaai till Lj^waJI S^SJI jl (jolll ^.fl^LaJI 4 ft Jo) jlflui^ll 3a tUIt -2 
j } '* (^-cjlIj ^jVI U j f k" »lj_i. ^1 1 4 - ft I I 

ij.ia iall jk5 i ^ 1.0 ^1 0.98 L* <-*JbI^J l <_SkJLI Ja <(Photosphere) 


{Ayj I LujJftj ^Uj 8 JiLzfc. IxJI Ujj jya i^Lft-UJJ Lf-fl^Lcj (juft itill La Ju^xAjj 

6 J_ki-o ja£ ^Jkj qJo-laj * *«* JjlC fIj^JI 4_flLjL^ 0.001 l+Lili£ 

. a^JuLla ^jJI olftJoll ^alaAuuj V dJjJj 

: a-L^jUJI usVJUl OlLJo -3 

4aj^aA II Aj^JI JjA ill 6,-1 AJLA ^lalxA ilili ^Jl JIIO itill ^j aII i—A^UlII jaajjj 

, <a^Lla S^y* Vj i^uAitill 

: ^-A ^j-lciU (JiLi-uVl ,ja 4j ujjz ^LLJJ 6 jjfcj 

: (Reversing Layer) aoJlUl ajLOaJl (1 

1609 I ^AAii jJLuj iAj-uiLla (<LkJ^u^=JI a^D!) jnflili II ^Jauii (JL^ 

^irkftj ^jLa. j Aftll <a11sj ^ jJl 4_fl^>JLAj) ^ i u AI till L i^u^ll Ji a>IahL fLaLlII LajJa. 

5 x 10 13 ^Jl Lj-^jj j 3 Lf-liHi < ^6jl j-a ^_i j a all LfljJL-Aj i A_a -iLkll 6 JjA 

Jaajj (7500 K.) ^^IjlII ld ^ ^ - - j "*-' 1 Ll^xjI LaJ^ jljjj I 

6^JI 4 ft Jn ^yo A \»juil A oLjjj^iJI <^V1 jal aa!La 1 6JJb jIaJI CjIjJ 

. jA^tnll ^juiai till > LT^ L^IaoIaI ^flLJol 4>a^j jjJI (_£ J^j * A11 


133 




: (The Chromosphere) UAs (o 


irfci-oj^o ^JLjjj . (Jim <7il I e^^LaJI 4-L, ..jllI 4_g JrJ I ^Jkj «(<jjlll S^^JLj) ^£,j3j 

chji a y\ ^JJ j^jlj (Rose - Pink) ^jL*^ q^L ^lriTj . Lu^jj 9654 I ^a <u 
6 j-A Jjj L am (^j_j = 6563A ) 7 -jj v ^ II jiiljj ^jc. ajlaV w^Llal 

10 15 ^Jl J inlfl Lalj < 4 <^j J j^aL ^J| l^ijl JidVi j5 <<G_=k.L_u 

. 100% Lada oya bjj J II jJ-*aj . 3^j-u/^L 


111 n 1 till t ftjlnll ^_fl j V 4J^ 1 *0 <aaLa_uVI 4 1 ft tin 11 IpjJtl^JI 6 -LA <j1 j^jJL jaJ^aJlj 

, (Flash Spectrum ^ aj- 11 < iiUL| ^a uu La 4 tKi, a o mil lJ) j^ i < ^ >\a 

C.J ^11 Jjl iUaVl J JAJ .. <J_fl 5jJO.jll <Ojl J A J*S 11 j-1-oLulJI ^ Ll LJjj ^jJlj 
. <1aLlIi olcLfiajV 6jaa£ JaS ^ ft jYi <^*al J ^jl j j» a <JL=*. 4_ftalaJ1 6 JJb 

: (The Corona) LjjjSJI (a^OJi) ttai&Ji (_* 


t^iin Mill ^J^juuSLII <J}L_^. VI 5 j^aII (j\jlJL> ^ Vj < 6 jill ^Luj 

^ « ha mil l aKJI SjjJj JjJSVI < ft Jo J&lL ^ yj iia 1.6 l^Uii 

. <1^ 11.5 5 ji*} ^aJI Sun Spots 





^jL-iAaa 1 $ Ki.ti «<Jal 4 to dJjJ a * t> II v ft 1 *\ll t \ »£L-> La J Ifc i_Jj~jl J ^ | ft 

^-ftl Jjjijj . (juAitill ^Ja^u ^Laa La ^jAifcAuJI» aKJI l ajifc (Elongated) 

U*W ujjUu <5_jJLc SjIjA CjLa^j J i |it CjLcj^oj Cilj jJI *a uj < I <U5 jLjJI 

<aJLaJI Ja.LrvJI 6JjJ-=h> ^a^Laa^I <aA_Ja JojJod <ft JrJI 6JUb iiJL jjj <<ftllnn 

■ 1 ftftj ^jxuJl^JI i.*U< ^ jJ(j J^ 1I 26 ( j^a Lut^j Lj^a^ll 13 JjJ^JI 6jJ iiij i^jallll 
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i j-LlSUI ^aj^Lo 4 a >U1I 6jjb cjljLt 20 ^ja LjL^j oLjjujSJI 6 

_. ^jUJI .LAill 


Ujyj Ul Uiia 


The solar activity cycle 


Yearl 
y sun spot 
numbers 


BSimS8im8b^^B 


1*1972 jftlx 1700 ^U- jjbo 3 ‘- 11 3ji,»rtnMl ^JLJI JIaj 

aj,,irt,Mi yii^UJl 4:13:2 

(Sun Spots) a_iMuiM.ll ^LJI i (1 

| A.y t ua * t i l l j-LJI j j-=±j jjfcLi ^ Jjl jAA IL 

,4 a Uxa 5 /jSj-o 4 qU\ ^ ^jja ^_Aj «4 j_ijJJ JLk-oVl k-fiVl ^Jl **V> jJLfl ij. ft til dJUb 4 aI * mo 

4000K ^ H^~v L^ljl^ <^,jJ j \^ ^Jlo 4 i uij 4 aIIo J5] 4-i_^jLL 4 ftlrt kA t <lnl % g 

4-aIIola ^ fl laJ ^ (J 0 <iL)iAJj ^yuA itill 4 i ,i.'iHi M_lLj 1»^ ■ k «-■ u tJJjJj 

^Jl 50 ( J ^0 £-4 LjjJ 4 i I«u itill £ft jJI 6 JJb JJX. Jj * "JJ • I 4 J djjl^II jlollol] 4 i juullL 

6j-IiJ 6jLc jJLJI dJjft . Lt-j_^ftj 4Ju-u 1 1 ^_Lc. <4 \ i nil 4 jj <i 4*t< 4 »ftt 500 

JojJrk^k 4 ^JlLJI S jj JI pJj JjlC 4ji it4*till £_LJI 100 ^Jl ^L>1 4 ij/wj La 

o 

*ljl*<|VI -Uik i jA jJUl d j-A SjjjJI J^UkJ pljJLuuVI Jaik JLoji ± 30 <drfciuj^Lo 

* 4 1 Ail 4 All fjUl *Jj3 J >lji - "Y1 -Irk^y I t A ^ ^23 bj^jJI 4_)L$j ^ i tt A A all 
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£ m \\ i -k . ( jUJI JLUL d i a aaIU * 6j_a 1000 Jjjj) I <LJLc ^ Uii Jri Lj. a 

4 > I II ft I till ( *JLlII l J-clXjj .jJllJI a j-A 4 \ -ft 1 -aJa i n j_lC jii a *7iH ^j-LaLi iuLlii 6 jlll ^j_a 


^JLa-tij La I j-^.1 J1 i ^j-& jfij ji ^JLuJu ^ i .> JnL JLa lU La I 

*UJ jii ii ^ Lu.ii n i till ^ fl ill 4 _ljIjJ 1 ajj jJI jJlCj t i tt lUI > % a ^-ij)i n. ^ < <i iU I l i . a 

< 1 1 M JqL l xI I ajjjJl I jaAut II ^ 4 it Jnl-Lxil ^Jl 11 aL^jl J, i> Li La lie ^ I ( LaLaa I t vU a 
J i ^j£. x^uAj ^j4*AxuJ 1 IJ J^_a c- LaJjlJI Ji iJj . | 4 \ . .. 22 ^-A ^_i ma > til I 

. ^yLLAjSA\ ffllnl Jjjj 0-11^ ^jJI < t I >i ft t till *_LJI 

: Prominence iii 

2*^ " ' ‘ ^ 1c. ^>i a i 11 II In i 11 I J A Xj ^ I i_t ^ UI 2) -0 ^ i til 1 6 ^)LlC 

nJn i.ij ^jj a <1—J-jftl I i i i II CjljLiJI /^a > I ^ a_U« ^ ^_fl ^_A^ <^Jl i .a VI *_fl^M Ql, i ia i aj 

- (JJSVI) ^.n. t .ll ^LJI ^ ^jjl 





Solar Flares ^nuimli 

jJO ^jtSj OlLLuu <^.LAj I^AjUd jJ*3 cJ”° J, * XUJ^OJ^^JI 4ft Jr> jfl U~> 

JoI^lIlJI ^jA ji I ol ^Jbj . 4j i ii rt Mill ^JLjl ^IqLxa jj SjjJ i^p£l jl <C,Ll-u J^LL l ~ 

oLfcl * * til st.\* u L^»l ^Jl 1 ^ 11 a a1 jjjljj < JjI oUU^jl ^Jl J hVI L^jl l aS *** a * all 
^1 j Sjn^ftll L^jLl^. 6jld J^Li. lijjpjl^JI <4iAi ii fl\i 4j‘tj<nil 4jLxiiVI JL^o 

JLaJI (J-Ifij a-»jVl cr^- Siif J *J-^ JLiajI Jj>0 4-tj-iU4J 

(Loj^L*) 4liOll ^ iti 11 ^UJL 4 11 ii ft ,7.11 ^LjJI jj^p 1^1 l ^ i ii i U Li.ll 

Jj^la ^jVl JL^ft ^Jc Jjjj ^Ij f y 4j^li JiLiw jj-ajSU Jj-qj ^Ij 

. c/jkUl ^ (Aurorae) a »Uill jiJJI 

: Faculae a-u^oJJi cil^ jlJJI -j 

JjlA 4-i.fl 4 juG1I j i^r>L x«J 1 i gJbjj <3^ 4 ajIj 4^aJfcjlA i_ iauii {ju ai7iII ^Jc. 

. 4 L**lAltlll jJlJI <jj6 JLpol SjjAl jkJJJ LkllAuJI jJLJI 

: Granulation oUju^JI 


jliJI l^-Lfl £Jk JJJ .4uJ^/> jLl\ a*C ^jJI^ 4iikl ^gJail 

i LfJ SjjLaJJ 4 n ilril I ^^JoliLI (ja IxjJrfciu jj_S1 ^jfcj iJa ^kJI CjI jLjj 4ia^l^J mil 
^ 1000 jLlill 6Jjft jlai 4julo Jj^lj ^Jl JjLII jliJI laJ^J 
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31 uni 

. JAjVI ^j5VI 1 AJ* il i 11 1 ^ i_uj (1 

. (jjjVJ ^"k-mVI Lfji ^JlaJll ^uLJI 6 jlj^ IjLij uuj (2 

. (j-laaVJ J>VI Jjla i- t » 1 1 ~\ (3 

9 LflJj^* JLaiVI 6j-A jjJj uJu£j S’ jLail LfJ ljSI^SJI (4 
9 4j^i <ild L^J Jaj 9 cj^LaI LfJ if] (5 

9 iAO *_J LgJ Jjfcj 9 ^ I mlr>Lj».o JL^a LfJ wJ^I^JI (6 

■ (jJJjjl Jjl * J^O *JA*I1 ‘AjJfcjJI < uK Si 'J^ * Cy* <J^ J-*L»-a J (jjli (7 

9 fjfi-ll UL>^ (8 

SSjJbjJlj < ^^y i i t i H 4 « ( _^jVl i^j^ll I ^y ^]l t_i^L*JJ 4_ljLl4j£JI CjLj^II ^-A Lq (9 

^-»L jU. < jj[jj Vl ^i-Ja 1 ' < juAj-LijjjjVl j j ** j i 4 jj|jxm 4 AjJq : J^a 6 JL»Lfl La ( 1 0 

S j^aJI JjJjSJI JjujjSI 

Laj 9 t_ flj^jXaJl ijuAj Luo L^jj^ulj Jjjj ^lll <JjVl ^-A La <t_j£lj£il <J~> t Jjj JiLk <jhO (11 

9 cdlj j^iLij ^lll <JjVl ^-A 

Loj 9 l »j l fl*it*K £±u 9 ijiumJI (JS-ii Laj 9 CjL£jj£JI J-^jS (12 

9 Lfi-ol j-A Lj 9 I a La jjoj ja 

Jjj I jLa ^Jtj 9 oLijjll jA Laj ^j-cijVl ^ If L,a . ,.1 ^lll *JjLaJI jXum j-A La (1 3 

SSjjliVLo oljU ^-L. L^Jjjj 

j* 11 * LjjjUI <jj a iiijajjj^JI .j i* . ‘\S\j aII idjLlJI <(_i^ it»ll ; J£Li jj i^^aII La (14 
9 4LuiaitiJI 11 *Ztll (^ulouJI g-^CJI (^ulouJI Jol^uJl «^ixua4JI 
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IM a t oil jkl JftllJ 4 _ljLaj i <11 (jajj JL^x 'yll (^£» ulLaj U 11 (j-° JjL-A ^ ^_Lt 1 \ I^rt -y J-il 

o^VI ^1 Ijiu ^liloll *LJI ^4 ^411 <bLilll U ♦OL^I^j 

11a f^i ui 4 ifl1*»><» J4j (jVI jjxJ LIjSJj . 4^3bjL=hJI <5^LajJI k_j^l^iiil 411 ti\IL JLaJI 
(Modem theory) £l>,.L y 11 4^^14111 4 J^j La ^Jaa ^ * <ia*iiH 

4a 1 ^ It II £_* .jVI jjJOkJ ^jill *Aaa Ca^jJo ^aJI j^jJLajjj a « i ft i t i l l ^ Hall I 

o **-V Lr it SjjLS JjjSj uiaj * * i i H j^UaJI pj-iiu j j iit-lj ^ Sl>^ 

4 -tj^ -wll 4^j_aJlj a til I Jj _a. lj^ \J\ 11 4ajI jll <£J-^JL. MJU 4 \ U ll I 4 i a U 1 ^LLzJ! 

cjSIjSII 6 *iA ±j ia . I 4 AitAi ^1 J&JI ^jLa-aVI tl igflt ^1 j5dl 

Jja J Jj-j u^ljill ^m|i a >j I L-Uj_Aj <jjjl J 1 0 » j a 'yj < Lajj-Aj J_cwIj 1 ah a ^_fl £-5j 

I dill ^j£- j <u uj <4 x.L_lJ! ^-jjLac. ^Jl ^j*a ^IajVI t ^_fl ^i iA x I i l l 

o 

jjjl. ol VI (JiJ2>U 4x-ilL 17 JaAAJ < 6 jAJ& <JlkLujl jj AjIjaj) ^Jjil y 

. *_ 4jlL> &Lajl ju flt > 

4 a 11 JLaJI jJb US < L_ijj_ij dLauVI jSJI ^ j a y 1 4 jjj_^JLI 4^^_^JI Lai 

JaadIjJI jfalj LaJaX. 4-C.LulJ! t-Jjllc jjtSx. ...» All ^Uaill jLa-fll t 4 jjI jll 

^^Jbj 4 4 j > 1ol> 4_i1 £ja 4 Aj a> ^)| ■ » ^-^,1 p^ti dllxAj . a <ttll ^iln fill I 4lr>A> 

p)j \ <iiVI JojJoa. ^IjJ (jl La^S S j-ifc.1 ^jlSLo ^ ^(jVl ^-A iu-2w wj^IjSDI I jU 

^jljjJ ^ a Jjl . LjlJj_Aj 6j \ % ^ LI.*1" iKVl ~k iiu ^-lc. Ja-oj jvloal 

. jjjJjj l >jj»jI jf l ^Sjc-lill eit ( 3 ^ a' nilfcfcKVI Lj^a£. jtSj ^jiiAAiill 

Sj >^ja 4_JA.IjJI . i tUi jU u ^gj^] 4 a\\^ eJllAj 

J^aIu jj Sjj ^jJI lj Luu j J5l <ilK CjI J 4_i_zwjlzfcJI . i^l^^JI 4i i tU Lftlu (jjLi dpj j^-y 4 ^ 0 ^ 
6jJLlalll j-i^LaJI j^JLJ llkllJ ^aIa^JIj (2^ JJ v ^ 11$ 4 JlJl^ 4jjLc ^juoLc ^4-uLcuI 
4 oLiLLkl Aaxjj II Ja<o . ^gj^Vl 

. l^liJ l A tfl jjllajJI J 

IjJLl CU A » ^-Jlj (Lajj 25 I A A A JL>-^ fryladl itill (jljjJ 4 K *ti a <JllA J 

JxJ ^Hio itill ^hUajJI (jl 4 A t tail 4_JjVl oL^lajJI Q^jjLaI uOA . CxfljJ L^-aLc. 
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^-xaaA i all ^Iklll Jllal AjLuA> I lu jJO^ ^jLc. |Uj i n t_fljl£djj ^yii L^jI 

^jX-xaJI XfJ (^jljJI f^ljJI o4 Cgjlji Lf * u ft** JLh^ CuLS (jjJLaJ! 

^Ull)l jLi ^L^l ^1 <jjLaJI i aji II 6 J 4 J ujX^i Ijjj . Lbl5 ^ a » <j1 > r ^j 

^uAitdl <a *otlL-fl I j^jbj Lb 15 ^j lj>ll ^kjJI u ftijl j^j-i-ul J^aJoj jjJj ,j1 u 1 aj 41a ^Sllll 

Lojft LfjljjJ (jl gaj LfAMAi ^k <ULo1aII 4jjL*JI ^-ajjlJI 

^Jl^. Lfijjj <>oj <j1 v>J u^J (<5Jaj) Ujj 25 ^l^a. ULa. IfjljjJ i>»ji jVI «uk 

. Lujli cjkLuu 5 

X^Li Lxj ^uii^Q-uJI ^Uralll ^jC Ujj*l\ <ja!i II j jj A a Hj iljVl ifll£ llajS J * 1 
^wi^-oj 1 ^ jju iiJI ^kUouJl Si ut> ^jjLjJI ji£ C ijj la ^jJI CjI j ) la Jl. ♦ CjL ii^n^xll JjX 

(jljjJ Jja a y II jj£*C uU."k Cy°j '^ JL i ^lll CiL^Ja-llI J &ju lift ^_lL> 

(evolutionary theories) JLj^klll oL^klll (1 
LSu ^uu JI r lkj| jl UjU* <Jj 1 4^ r 1644 r lx * “ * y ^iiijiJI |JLjJI ^^IjI 1 

. ^Jiin Itill iSiji 4ajjj$ £jLa Sjaj£ ial^J 

. ^ 1 755 ^lx Cul£ Jj^jLaX ^UVI > ijmliill <j^Iaj —2 
j>u itill ^llalll ^jl c* qjJ .<1LJLI ^^k HullJL d a * Jal* UljK4J*»J 6j^i _)J^lsUU 

jUjLj C> VS ^LofLVL Ixi gJjXllLj 4 ah ft\ J^jjj t£JL>^ JjLa (_£jLc I u a l aaU 

1 aJftljj jiil 6 jSj-o Jj-a. ( ji»LaijVlj J* b ^jX^JI ^ju^I vlfcA^k ^jlxll i-jXaJI (^>2 

4 1 a iJ 1 4i II 4 ^ A II ^_4 -uLi Li ) ^ill AXJb £xx tjj A Jl 4 * itu 1_o ^_ll Vj -s. " a 

. ^U. jkjxuu ^iSIjlllj plb jl5l l^V (Nebular hypothesis) 

. ^ 1796 ^lx (> ^u^L»V jau ^uujill oli^L^ll ^Jtx 4j^laj —3 

4j>UI jl (The Centrifugal hypothesis) j^^il jx SjjLUl Sj-iJI L j_Li 
^ SkLL-Mi-a ^MjV fJL*JI jj-ibj (Nebular theory of Laplace) <-uux mil 

La ^1x5j 4 j 1 LjiaaJI (h ^j h Ix 3 k ^ ^ aj J 1 till SjJX^ 4 xLj_i*o ^Jl OjL^ uij i «ih fill 

<^jjL jl X-o jki d^kS X»jj 4 j^jVIj jLiJI (j^a (JiLfc jkjJ ah vJliA Ola 

( jaiI a5j>I LfJ 1A 4 jj(JlJI 4h<ll ftXA CjJjj LqXlXj i^ljxJI In u ^jj a nil IxA 
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,j» jLLl A ajjjS > I tin (jljjjJI I JJkj (I 4 J Jjj <£.j_i-u oJjIjjj jJI lfl5Lu ^£^2 jjjIj 

L^klij ^ionj ^ 1 ,1 <*ilI ^JJlLI v 9 111 <Xj^uj Ojlj CiaKj . ^ 2 kjJI * LL» 

3£jII ^C. Sjjlkll 6 J-aU i ^ jVt cUj jLLLcI J— 

. (jIIaJI ^ 1 iiaJI ulaJ J-kX t^ljluiVI Jftk 6^11 J AjlX ^jj£1 UJ^ 

SjjUaJI lj2i\ (jl A^jji ill La Lj i ifcj jjjj i-all {j* pj^JI (jLS ^ 2 j 

ijjlx <ftlik C*LaA lii ^jl jJI i_jA^JI 6 j-fl Ifl Ia jfl ^2 j_i £1 Cl% tn *>1 J^jll ^j£- 

. iil jj J ^IjjI j-fl ^jlfLa^jVI ^jji 1 nil ^AUul ^LiJ^-aJI ^kAu.llhl ^-t 1^*1 *I ^Ualil ^jA 


<flUJI jjSJ . XI^5C1I ^j $ll [^ 1 q Ajlmaj CJjKj iln-v olila, jiaf. JL^AjI jj& $ 

< J J 3111 Sj l 6j ULi^ 0^)L-*lul \ ^ * Ij JaIj |kAii 'U 1 1 * ^Jx >.fl X *k > Oiij LuJ l 

. juft 4 till ujjIS aLs j-k,»,uJI Ly^ll <.KJI Lai . oLSj^SJI jk^uL i 2 j^*ilj 


^Jj^gJI l/ 2J1 . —A ijjiaj —4 

c*J AAait . J |JLxU I^jLau ijjikjJ jjjiaj ^-Aj ^ I 940 jfctx ^2 ijM^tauJI AAA vUj^-La 

^2j jLc Uuu (j-o a^-aIiLl^ (j.ifl * till jj S jlju <l1 ^^lx ij^tlll aaa ^-Ualj J^-oVI 
iujk (interstellar medium) jjUJLl y» ^1 1 xuj>JI i-^tx SjL* L+I^jIa 
(A ccretion theory) ^^*1 1 &jii ^ua Lajj-aII ^1 j£JI Lji-a ^2il£; 

^J ij^lojJ! AAA (jLs A JtJI ^Ua*41 | J < C^T.~ j * . ^ a *1 pi a1m.I1 j LaAjI ^jJI 

Jjklll ij^Jal C *4 ^lj ^lll J1L-JLI JjlaJ i ol UjL>fb pLalaJI jQ "util 

(The Turbulence Hypothesis) i±*\ ^k^iVI ^1 -5 


^IIA*till ^jU ij^lalll 6JJh ^ 1 945 ^Ix. jSjjjj (Jjj wJjJ^A Jjl^ ^ILjjaJI l |* <nj 

jjli uUAJ iJjljjjJI (JSLlxi jjJc. ^jlc ja^jJ nil ilol^o C*lLS La CaAJ 

k-A***Ai jlji ftl a ^jj 4 nil .-^L<J <<jJLaJI A > hi a iti II i-Cj A ^ II jioJ ujjLSj 6^1aJ 

A 1 a JjlaJ ^1 ^Jiirt Mill A h. ^ 10% ^11^-^. ^ 1 *ii 11 Ah ^ Lai 1^1 Aitti II Uajlj 

J ^jaLlAj (^A^J^jJ-»-A^ 99% L A-fl" * ^tjiqjl <i*-aia-ja iJLaJI ^jA ^flJLduO 

j^JI oLjuj-^k. jxU.A a iij A \ iu 4a 200 ^Jl o Jjuj A U fl*i j 1 % 
^jSJ^ ^j4i a Aik II A 1*1 £ ^ja 0.1% ^Jl |\U * all A h K .~ t .v^vla~ pL i-A_fiJI ^jh ^ ll^j 

. ^LjJJ iJLJI A A i all j , tt ftj ^jj|^ tiitl yis ^jLftll * ull ( 5^1 jJI ^L)JI 
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jJjl ^iJIJ jJI jJjG C.Vi Ifl *aii ( ^i£> < Uan < \ , |II iijlJLlI ^ Jao il ^jt jJ-uj 

* 

4 iLnslflj Aj^ i 6jS^-o JL^. jjjJj ^jlc ^1 Ll^Jj Ja Jj^Ti GjaJ 4juJL4 itjaauJ *afl*i 

i ? l t < iiJJ ( 4 t ^jLkJl ^1 jjJ 4-C^-i-u 3>* JJ-£1 4 jl^l jJl ^-£j—*-“ 3)1 (S^) 

(jnfl <all L- LJ y fl AjULaS 4Xjaall £i 1 ^ ^ L\m II 4 fl 1*1 "k 11 c-I 4£.^_i_u ^J^JlI! 
4 flit k A 4 V^al ^_S ^<L_ljI ^iaaall L>M_-^ oLoljJ lTu^j ^uA Jjl IJ i J i 4 UU ^i i11 1 jj Sjj 

£_a v ftll "k t ^jj-L-u oLol^jJI A J-^J ^ t J Mill 3)1 l < tali i all Ajlil Jn^a ^ic. 

.(J ^ *a l l l£) (^jIaJI {_y &'^>^11 3^J-* 3^ La Jaj 

JMA aJI ^j£. wiSljllI jAJJ ^- J WV I GAj 

# * 
LJ^aa <aj! jJciar>l 4 il^k jJS j^jl ■ Ul^w 

4.,tl.rwll Laii> 4£.L*-uJl i^j^Iac ^ fl mt» 

jun. iTill t jjl 7k 4 L1 4 *111 u)jL A C |^u^X l ^ ah ii 

4IkllI ^_fl ulKIuJ 4jjJouJI A J-A > mi vj 

i i.ii>j ■ >> * * ^ i 4_lj | L^LJJI (j >0 4-1. 1,11 

J^iallil AJlA Jj±s± ^ic. LjloAlil oljLlll 
L»3LJJI 3 *-^ Ajlil j-ajj ^ a ^k"t ^Jc ajjJb jJl^I 
J^jl Ajlil J* (J-Lc) Ilk -w AjjUkil 

^7 Lojjl J3L^ (1 >^j icLuJI ^ijIajJ L yj£La-a aL^gL 

JiJi Jj-o u_Jl ^ail JJ-L £Aj Ij jJ J—SVI AJJfc 

JjLflj LfJ <iaA^Jll jl^il ji LaljJ JS 3)1 J Vl JJ J A til jJJj ^ I^ J^JI i^oaiJI 

. (Protoplanet) LJ^I Lt^j^ <1 la!l 1I <x»jL^JI 

3^0 Ijj^ < a. i Al <jJjVI ■, i^l^^Jl CjGLS J-aJj jG 4 -JjI y ^ 1 ^^ 4 a *iG 3)1 J-AlGjljj 

^Jl Oj^Iaj i Aj j fc^ll oLal jJI (J^AJ Jik»l J A j \ A ai CjLaIjJ Cil au l a ^ r4^jJL^JI t_i£lj£JI 

. ^ ^1 j^U 4 jljL IjLoaI O^k Hrftl ^ l^ i iaAj J jjJj ( ^alj5l 

^.llvjl 3 ^ 6 j j C t^ fl^k jiu IflV plftkll A jlc 41^ tfl A 4jjinll AJJb CAAkJLia^l JjBj 

.-.r.W 



Jaj 4j^lnll AAA JLcGSI ^JC. 3^ ^bCjJI jjic. 


lT 


£-a ^1960 ^Lc ^ jG 1 4 1 u J>^ * a l l 3)1 jjJ fNf-i ^4 j 11 I ^LaGJI 3 )^J 

3)t IJ m > AjiA 4fc^aa ^ Ui 4aLu 4_i )lx. AjLa ^xLAjiJI J ftfl * fctt ^ 4jbuiAaJl ^ L >11 uiLuii^l 
^jun^itJL <LuGj_4 4juI ill jl^il AJ-A JIjj u^Ij^JI 3jJ^ l—* ^ ‘^ '* SLoj ^aJIj jha 3uJI 
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6Jmu jLjLS Ja a * jJI i n flu till ^ i ii tULijJJ J La- 11 Jq^Jn^w <laj-ul^j 

4 i «n a Mill ^LyJI 6 jLo LoKj Jiia i nil 4_1 jIj <3lclj m 6j5 <lc jJju_> Lla 

^Jiiiwall ^o/) J^a JjliJLI (_^jljJI If A ^.J jl uLlJ^ j>a^A Lajjlj jljjj ji i a i t i l l £jLa. 

4_t Auulall ill <Lajill 4. aLaC ^Lfl t (tull ^£jljJI ^AjJI 4 iaS* ^Lx j ■_ iu-A.) dUjjj 

La ^1 LfjmAj Jja, ^jiia itill ^IjjJ JjJLjo *ll=uj 4 u ALII ijfi'n till <J}La ill 1 af 6JJb 

•0*1 


6jil J <j1 LaS < Luj_ftj ^£jju-uil L j4iij tjljjJ LJ j * n Vi 4 jjJouJI 6 juft Jaa.^L>j 

i*lhoi (jL-fi j 4_ft-k a 4 ^&\jUI oljlj-A 1nt.it a ^a Luj_ftj JjlWi" ^ho itill »lj*i i id 

tj£-> 4i^aLkll CiLfll i4*11 jjl ^j^S\ 4 a >K llj <^i ii a <till r lhill <_£jljJI ^A.jJI ^_k a % LujJftj 
6 jjh jSJj jLjuV Jjj 5 J-cL_fi lJj ^njja ^Jb 1 a ^ 1 aIboIa LaJjuu £x au iu^lj£-II 

^jLS jJlj 4 jjLJl!I CiljkJI (jjo Ua II jl jj^Vl Lfj j» ^T> ^jJI 4 j ft jfCJI jc-tAjj V <4-jjJaill 
j * mAj Vj <»—lSj£ 1I J^uuJ yI j£VI ftJJb Lfj iaa > ^jJI 4a1a>JI Vj i^^^jUlI! ^ iJaoII 4j >Lul1I 

u J w «i l ) Yj (JII A I n I I JjA. 4j|jjJ J^fa-A Luj-Aj _LoLlj ^jJI 6 j f a-A (jljjJ 

. < 1 * a 1 j" jLajsYI |^a&j 45aja. 

(The Planetesimal theory) tJjYI ^S \jUI ji -6 

«u«i>11 ^aI ( (4fll ^Slill fJUl J* r 1950 <jjkill 6lA jlSl 

:^Jj La ^-lc 4 jjJojJ 1 6JJI ^jAjjj i^jaMaV ijjfcu {ya 6JjJ£. j£J^ L-U^ JT 


^J| ^jC, SjjUaJlj <oj jL^JI ^ajLj ■"« jLiJIj JjLiJI ^a <ijLfJI 6j^JI (1 

^j-a 4^Jj-oYI 4l~j^II 95% ^ ^ftl i ul ^ jjlj^jJI 

j^a 5% 4JLILJIj 4ajLa 11I 6jUI Cijftij ijiio Mill jju I * 2 0 ^jJIj j^o^JaJI 

. ^ i ii a Mill ^Ualll 4 _JjYI JJLj I Ait Lflo 4 _lL^=iVI 4 J 3 UI 

AJjJX f SjLa II j ^ Jqj ^jUJI J-DI jku 4fctl t_ 1 I^JmI JjL^ 

Cul^ uUA AjLaJJ Liiu La «6j^xiL-A LfJJ^J JJLj ^SU^Z ^jJlj <1 a 

f^jC. 4 \ AAillll^j 4-lUiJLI jj-lc ■ i li ill CifcUal Aul j I I lu I * 4_LijL^J1 

S jj Iaa AjLa 4_flL-dL <Ja£Jlj % II 4 Cj^uj Leu ^jlil ^ aJI I JjA Jaaj ■ 

<Jj^laJI jaftu ^^3hYl <JjYl ^IjiJI i LJjl <jj£a LLfJLj 4 J 4_Uj-fl 
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<jV <a uAtlJl {jA SjjJL^ <Jj^ CH a^fc" 1^,1 i^<jiiAi*JI ^jA 4 A I" o jLxjl 

4 _J^VI t Lai * l 0 ill ft *i II J -5 ^IIA iTill tluL£ \ X til I j-A ^lc 6 6 jUI j%lrfcl A 

^jUlII 1_L^-JJ^aI l^loj 1^) k\^ aJL J Jiuilll ^£. 6 J J 1 >H 

. <bb l >bjlLI Sjlil < > 


L ^jaiLSjVL «11 6JjUI jha <till q^ajLoiI (j7 

4 a jjp Jl 4 t ^wt ^ v\Vi ~.M r 1 a "11 < i Aiilla 4 _vl Lfcj^^-a cd**7J <jl ^ tII 

LuiAA Ala A ^J| t ^ 11 JJ ( 4 ft lul l oL^jaII ^JA ^/a^Lo 4 

J-5 ^ i^a-flLi JSLl> i > > 4 i hi aauII Lf^ Lj j i« a-ojJI CiLc.Li-A.ul CiIjaj Lu yLi 4 a * u 

^_lc CxLaC L^I LaS 4 aJjVI SjtaVtll 4 ajUlJI 6jLLI ^]qA a Cj Jjk ^aJI^j 4j^ai 

■ ^ ■> l/aJI ^-1 i A all ^J| 1 ^ t~fc*S 4 lqS JjlaA CiA mu Laa v_a£!^£JI 6J-A ^ 4..*ii 


^i\j .iJjVI L*It£ ja 99.9% ^Jl^ t{ JJJ\ ^Vl iSjZ Ixii i^LuJI 61 a JiUj 
L,*Aj 1 J-Lfl ^JjVI I . ^aIa^JIj II ^J^a l aIqA a Cul£ 

. ^LJI j^jLjJLI J^ajJI 4a1oc J^La. 95% 

(Catastrophic theories) IaSjISJI CjU^HUI (o 


^Aj jfcjl ijJ_ a. japlj ^la < Vjl ^Jiia Mill J^-AJ ^Jc jkLe J^aIu Ci bjJailI 6j-A 

£^-i-ujI (^1 b-® LA^ wUJa*iII ^jIjaSVI JSVl jl (jiuutill 

| £j 4ajJoa JjLuu V ^v aJIq jJLI ^1 f jL-allL 4 ^oLaJI ^Qj(j-ftJI 6 «AAj . jua * tall 6jLa 

i^L-uVI I j_A ^lc CUL^aj ^jJI CiL^I ajJI (j-aj . J ^ l^ KIj ^^aH 

^tA-^kJ ^taiLll { JA c-JjAfll JS In jo jjU UOA 1 745 ^lc 111 i ^aJI ^y flfrj 4jjiou —1 

(juA mJI 6jLa ipj_A. 4 r.flL£ Ca 1L£ jjta **ill ^ic 6^3-11 <LL^_II 4 aJax ^1 

. . K lj< 11 itnl CaAjI^a j «4aaaJaaJI 


(The Planetesimal Theory) iJjVI cIa£-j>11I 4 jj-bi ^1 (encounter theory) i^ljll ij^k: -2 
^jJjA^JI jJlxJI (The tidal hypothesis) j>JIj Jll 4 ^A^ ^j: oij 

6wLA uu^ijoil J-5j . ^ 1905 |xLc Jj^aaJ^a ^JLaJI^ U* 1j / A JAU (^pt—a^ 

^jJsJL j^o JLulaII La Ci^J u }L» ^ ^ *>-** Cul^ j<u * till (jl 4jjJoaJ! 

LA^jLaJI {jA 4j_flL^ CuLS 4liLl j^ aj J-a 6 J^j ■ (j^aa-AxJI ^ya 
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^ If IjLl-o ^jnn.itill ^jL. ^jIIa J t*n fl J 1 nj\fj ^ii a *till 

<&>£ JS cl% u^> 1 j-flj (Planetesimals) <J>1 <4^° o' A , u<t > 

% gJn ii LAjaj jlj j^JI jlj n"\ duilj m. ±*n] Cit 1 ^ jll CuUa ftljp Sja 

<j1 ^LLIjlII jaIc-I L£ ^iiftitill Jj-=k. ^UJI 6jlxo Ifj^o j-xjIj ^LJI lIlL-oj 

+ + o % 

^k^kll ^JSi\ ^LJI {jA ijuj* Jail ^ja Out-ill djlil ^ja CjLSk Vi <*n a II 

* ~ » l l 6jLo {ja j *.*st \ ^ xij VI u£l jSJI L.1 .^IjJl 

Sj ,i ,i u>Lji a jL*a.,flVI ^ ^xaII J-jljVI uuLaJI J-o 

■ £lj?Cll l^lo ol itfc’l ^jJI <J^jVI ^jA CjjI£ 


Ij X&J i^j^jjuuJI Cilj i ai.l jai* itl (_£jJ! «<j jJo-jJI 6J ^ 1 ^jluI^I (J^ i ftII 

JjuoVI ^a fjl ^j-lc cjIj <JLJI iL^jVI fl^xx j ^ ^ cjLu^I jjtl 

. <^lLo i jSjS J<** CjLlao (jl ^Jc Ajjlaill Lajaj <ftjfiAio <JLx ^_fl 

<.U-a?C «^uL^ ( j4*a i tJI Jj-^x cjLaa_iui^JI jjjft jjJljJI cJIIa l aK 




Laulj j ilajVI »Lt 1»JI £ja Jjljjl 4jjl=kJjl AJJI * 4 -jl-o jL*-<a»lJI 4 1 ill “3 
^L_L-fl ^ 4 XI ftII *•_t all JLaa ^a a n ► ^jljillj ^1918 ^Lc k i jJjjLaj 
^ Ii all ^jL-oill iti ^jjUllI jjxl ,>1 jX^J (JIU^aaI J-J <^yULAAAfcll JjLj 

< i * ti l JjJkJj jl Jj^Jo JjJLo JSLxi) Cj JajI JJ ^<10 I all <jJaa!I 6 jll! Jjl ^)l J \ \ »j LoJIj 


CjI J-zxj ^Jl Jjlj Iajl 9 ^j UlII JaIaJI Ijja ^JazxJ <<i **I ajuu Cjljlc. cJL^^ 0 jLx-aj-*JI 

dllflJI »Ltlfc (jSJj . <j^Lo JJLj Log fl CiaL^j ^vj i^lo <JLx ^Jl Q9 j1^j 

J^La <a! jkL^I <jL^oL (jSLi I j-A ( ja L/jLc N-Jjl ^ 

'1 l-v SjjL ^jL^alll <g]L&lzk.l ^jl LS ^a Jjlill IJla »IajaI «Gl jl 

y Jj <1* ^Jl^zx ij£a Lq i CjLojl *o"t 6j«»f. fjA ■**»Oaj ^CiLil uaII JjS 

. jVl CuAa ^klc <uua> J!^LL lli^XA jX^j 


:(The double star Encounter hypothesis) <£y&l\ ^^vll ^j l^all l <±^ja -4 
r 1930 r U <Ljj Jjjlc. <j^laj jj^Iooj Jjj-A . k_i j + *ihil .j.j < Jj-uj ._A ^ La IaJI ^\a 

«<ajIjj < VA-yi <£.jaxa j—i jiAt ^ l^jLgx CjI Jj <w yuA *nj| ^jl ^^aoj 
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Jt a ^yua *u II UJA < jjljJLl ^ *% ill £-a ^ JnjaH jjj 1 a 1 a ujJ&Jla IjLa 

6JjI {y juft, ilill J^la 4 11 a C . <- Lul ^-flj t Laaj_Aj Lm_a Ij ajlo-uol 1 ajk «4-fcJi AAaII 4-aajL^JI 
5 jLa J^a ^ 1 "i4~t CifcUalAiil ill y* ■ iJaJI ^jLfl <4 la ill <Xja 11 

Jjl a a >11 j a"i * tjLftiVlj ^La-»V ^£jLc. JjJ J^ <7i ^ 1 £■ 4 la tj ijJI ^j u . aua JI 

Jl ^ a J-jjJI y> l*j^» iL-aL^ 4JhLajl }L_S <£j^JL jjLajl— ia" til 

^Jl LL^aIL jtlmi ^jlJLlI JajJI y* 94% ^jLi »l aU.ll £_Sjju u ila^I ujIa 

^jno rj Jj_ikjllj 6% ^ a ill I frj-aJI £\ JU I ajuj ^ylajl aaIII ^yS a ^ ill dila^a 

SjUI 6J-^J ^jl jJI (jJ^J Jjl J-aJL^JJ J^a *v ^un itill ula> Sj-5 <^-11 ^jLiJI Jj.UI 

. ^1 jiU UU ^liLI ^1^11 Ljlla <^liJI JjHI <y£jL\ 

< p^JolJI juaiall JjljjJ jJ ^Jbj 4afr.a 6 JaLil 4-Ujl^J! CiL^laill ^JaJUa JjLi 

* Jj^lo yy l ^ K * t i l JXJ jfcJJ Jjl Jj£-HI ^ JjSJj u i.a* tl l <jJ& *LiS1 glu V jjl 


i an itill jkllaaJI Hi) Ju^II jJall ^JUuJeJI 4 ^. 7 .^ cJLjjb Jjl LqS 

i^jna lull JaJj ^j^aJ laJ£ Jt-UlLj jun * till ^^jjUJ^JjJI Jjl *La 1 *JI jjllJ Jl> 


<^^ pU « Ju ll JjA CiA>ii-iul 4ajlx. 6 jLa Jj-A uJ^*aJ J_£ uul^ I jLfl * l1 aJaiii ^-ic. ^ jl a>J 

6jlll ^_fl I Jjja^-a Jjl£ 4a 1 ^a*a La a < I fllUa ^ja^ajjjJ ^ic L^alaj^a V ■_ ‘-^j L&JaC 

(j-a U^_^, ^jlSla ^Aii a itill ^wLLajJI 6jLo Jjl jl *4JS ^ laa. <tjl ^LLaaU 4a_^-l! 4 ^_i_L-cdVI ^Vl 
4ajJaa » La 1 iJ 1 JJl taual ^ . L iK 4_a_»jlSJl CiLjjJo-Ji ^a ( _^ojlaaa ^^ 9 lx|aj «^<ia,< tjl 

lid ifc ia£l^£JI CjI jl J—a ah kL>j <jua inll Jj_fl ya ^al^ i it a II jl jlnuV^fl 

. ULw ifljjjjJll wHl^a I j-Aj 4 ah^ ^ olaj 


: (Modern Theory) SIjjaJI 

tj£j 4 a v f . |jAil a^»l ^L£ ^ iu aiu)l ^Uftlll 6 ^lr>^k Jjl 4a^iajJI 6 JJb jmj 

<JjL^a <4 aji 11 ^alHI ^jjLaHI jLa^aVI (-J-JI Jjl 8 L^luAj J>^ j | Ja CjjL^ ^aJIj <4j a^> 

. 4iUaj ^ j j 1 1 A 5 |^j ^J| Cila^aj^jj Jj^aa <^j«tai7ill^ ^va J^ *tu 1 t^JLtl^aJI 

(jj-A «jaA ajJI J^-i-aaJ 4 ,,. b\ 4 t a -v \ 4_a_L-iJI yb jL^al l a \\ 

%J fCul^ ^JLaJI fl*if,l La^ jJI utiui ji Ji-Jj ^Jl 4-aaJLl! ( yb 4ajzwjUJ! 

IjCJ j «I 4 am&j Jja jjja 4 "^Ini i*a a 4 aj i 1 4iaLa^a <6 jHJI jua HI <dlllA CuL^ <4io»^i.1 6 JJb 
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ajj i Jl d jJ| e.lj^.V1 (Solar nebula) ^ t «i a< till ^ >..\ < nil 

^Jj^lo ^j£. ^ < >i rfwTi.ll ^ t \ mil JiUw 4 tL/^ll c<l At UAII Jjl *m 1 Jj LajjJj fdJjL 4 ^a^jUJI 

La^ <^at J 11 Jl jLaJL d U h 11^ r ^}9 j^ i ft 1 A^I-tQ ^Lj ^1 < jj L* 1 1 u)Lii ^ II jaj 

<4jjU»_ll 5JLJI ^ja 1 A Ufc > Uix^-illj SjljxJI ^ja 6J,la-x ^jJ9 ^j&^a jl ji^LC 

^ <jI^IJ| ^ (refractory elements) <j:j*1I j^LulII 

^L-ual Cja. J 6^IaJI 6 j»A JjLaj tSjjUalll ^L^llmJI (j-a JjlfiJl ^_lc. *intall ^iJjuuJI 

(Planctsimals) 4_jyVI <u l k < \-*_^JL cjjx.j t^ll ^u-^pJlj ^ji jJdJL>" 4 4 1 «,<m 

jl CjLqI^J JS-Lli JA ^ t n <uTill |k t11 Jl jlfi ^jjU^iJI « uVI ^JaJ 4 a->a i J £-°J) 

j_l£| 4_JjVI Cj 1-lC-jjISJJ oL-AjI^aJI AJjA OjI^. LoA-Laj . ^loLli! |jA> » oLajI^j 

oVUJI ^laJt a iJxj Ltt-L.fi i Ct *k kx^tl J\ i till LfrJUa jlajV(j iqLojI i.^Vvll 

<JLa ^-A I a_c Lo i^LiJI (j&'j fil I <^LxJ! al ^jufi \ \ jjjZ «^iKJLi ^jJI ^£1 j5Lll cjuL^ 

/ 0 I / 

£-j 0 jOC <jJ>*S jjJ j] LJ^J^ ^|jk^L£) Lo ^luA (fcjJbjJI) 

.(^LlII l ^»^aJ 1 JjljjaJ jkljJI alajjM yt <U^lo JtSLJ < ^3ljJI (jljjjJI 6lajl o^i-fl < 1 a$Jla 

jxC 5 jj<^ILfl (jj^SoJ Cj jl ^pJI L ‘l 4 _flj_AAJ J ) 1 a 1 > l aa fi Lol 

xAuZi Ci> 1^1 If^Lttl 4 aJjVI ~»t JjL_j vd" ju ^ ( LaLaj 

, lC Ij< 11 4j^j1 La JjlCj * ^ jIl ^ 11^ (j* 1 l (| II JILa Sjjl i I CjI jLiJI J^a l j i < m > <_JLc 

CiljLiJ! ^ya 6jjd^ CiLiA^ jllu-oa _~‘ r 11-^~. i■ 1 <4jJjVl oL iS j j ^ll 6AA jL^jl ^ja 4aajlaJl 

d a. A <_»yLc 4_alr:1 «Inj < l^J SjjL^JLI J^loLJJ JjLfij 

^ AU ^ja 4a 1 "kl jJI . ^la ^_fl J u$ <ji^l jJI (jngalill (^/-J jj-aJlj jll 

^MA.Iill J/lj jl! (^J-8 « j f LaJLl ^ i iio itill jjjo 4 jjLc. QI t a ^ 3i^“ L)^ 

.jjLJLI ^ttjj-uJI jliJI ^a cjLl*5lJ UjLk^o! < I <&n^ 4 jl^jL^JI t^iSI^SJIj 

. i^jUJI ^1 jill ijulill jUsVIj oliLJI jLlk: ,> LGy^. jllnn 6jjfi (jl 

ijjitt < I 4 J SjjLaJLl Jkllll ^fi jLiJI (j-a olj a*\ ^ Lft%~i ^ic u^IjUI 6 JJI utl ftf 
5 jUI Jct^Aiii ^fi Jjj <<-^1 Jjjl 4-jjjLzfcJI <jl£j 4 * it fit *ttll JjujJI J!La 

^l^fi*L mVI ^ JX- (J-oljjJ (jl£kj <c JSU (. l^*t 1 uV I S^jI J « it A ("£_fi 4(^^^fi (jS-ti ^_lx <JjLiJI 
. jUjVI (jjjiiJ Lua LajLljI jk!i cjLaIjj (jj^j j5VIjljJI <UjLJI 
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ji£1 wiSjiJI LjjJ (jjjLiJI JjLaI I n\i <jjLl»JIj <LjLiJI CiULJI Cuj£JJ 

pL£jj£JI LI . ajAJ^ jLil ^ic. jj^Jlj jll ^ JaJLj I,iii i4ja.Jj 4xa 

1-4 i £-a "K 1JVI ,^y* Ci* \ A LjJkSJj <4jjl_C 4 CjJJ^a L^j] J-o—LaJJ ^a_A 

. L| i\c (fj i * fc*tl <—>£j£J <AJjLJI CjI^jjG uU4<>> ^jLc (jjjiaJ 

uUA 4 Aif Jjlj ( j_ic uiijJ i IJ^. I ,.\ a i vJLu_j5u L^j) ^ n 1 ^ II pi ajJaII 4 uailLj 

^ < u n i nil ^jjui II 4 _aI!l5* 4-1aJ Jj ^JX LI a II oL> 6J>2WJ-O ^ 

^jlc. Cfc^SlSj pLujll ^l_» jl fl*i f.VI ^Jl »LoJaJl ^Aj> > *JJ jJ . Ja.L*JI J a ill I j_A ^If 
jLaljVI ^ic Cjj-jaI La_U-jj CiLLii-a 

(£j m * * ull ~w <4 uu ujjI . *^lj^JJ 4 t >M -v II jjjLI j JUJaJI l+il£, ^Jl 

^ if I I vij itill jJjJ d^A JS iLlfl CiLuoll jiu *till ^jJVI 

I Juju pI j jJ I ^Jl CjAaIjj CjI itjll wiifcl ^jLfl 4 -La al Lj <ljA 6, Via > uiUl m a ^Jl jl JLo-iVI 

. C jjJj I iftjfc 4 jj£a 
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(1) ^loJi jbiiyi 

: Lajj i^ill <->UVI j-«j Sjji j ^ i A 

: ji ^aJI £,£-» ^juA^itll jl < no (Ecliptic) ■>!•■.KVI j\ -1 

.Hjji * ■ ■■!! 6^SJ| ^]c ^^ttjVl f IjiuVI JftA 6^il J I nfl * no (1 

.i^L^JI IJU\ ^ ^Vl > 

.<^L^JI 6>JI j^iU ^jjblkJI jLJI 

. JljJ^ll SjjIj (j 

fjl <La <LlU |»1 1 no 6j-LiiL*JI) 10.OOPm <x.l *JI itu j' “) £-*3UI ^ajJI I jl -2 

: ** *i <JUI < hill ^ 

10:30 (-4 10:04 (j 10:00 ( c 9:56( v 9:30(1 

Ol <JiVI (30°) t \-£j\ ^ ^^1 ^1 ju»Ll ,U jlfL, ^ ^ <^U -3 

: >* CSjU-N U^° J“» 

60° 45° (j 30° ( c 15° 

(Jj-flj (^ia a Til I (£jjuuu Jt t~r_VI 4UV1 v flflj i ti ’4 

: JiVl ,> (.) ^L^jl ^ 

90° 6° (j 45° (j: 30° 0° (1 

^ . (»Luix 4xiiji 6:00Pm 4xLoJI jit ^iu itJI< )hit, ^>1 ^o^-sl -5 

. (liA (^ojL^J jlaJ ( ujJ^. 1) j^lo 


JJ1I ■ i • aU a (_* 


9:00 (. 


6:00 ( c 3:00 ^1 (1 

(p.m) (j UU (a.m)(j 

: jmi i -6 

ll (t^J <.UL A I till j*J * 11 LjLiik^O (1 

A'u iill ^ylc Aajt > (j ^ iltll < ^o Jjjol (j7 

: jJk ilLLflJI ^/oLLJI JUwtiV j-fll jJI fj\ -7 
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«■ 1 ij^uaJL >GllJ CjIjI aAiA ACj^o JLjiAil (1 

£jljl\ JaA-aJ 4Li nj jUGV ( j <IaSIa^oj ^L^Vl jJLL t fr«tiSll ^ 

: jJI Ujlj >*X» <-JI Uj US JT A>" Jl "8 

ul^' c-^J^ ("r 1 ulJ^' j^j-* lt* u-»jt 0 

5£ja=JJ jSj^» ^ <jjjS ^jl (J UL^I ^ (j: 

; <Ui-ul^j «<jl3^j <<UajJL^o 4 -lLUJI <ilkll ujljlxil ill,iL <Lj^jl yfl Caltall j y tu^Jk II J^La. ~9 
. 11 frl aIc |j < n tlji u-i^JlII fr l ft If, jLijJI (r Ulc fr l a If ( 1 

: <jjj! j iiiljlx® ^ja V^aj U-oaL ^JoA t_jSI^SJI cjl^1 wLo ^jU jLS i—aUiuSl -10 

■ ^A jj^ij <jjlaj UUj JfrflYi ( 1 

. j jlj Jfl 1 J . iSIjSJI ^aIj^a uLuOi ilxLt^j JAaII (j^AjUn* ^Uaj f-LiJI ^_lc cJLaC. (wJ 

jSj U* V (j Ux uj j 1 (^ 

CA^M I JiLo iJpjpj ^U^j-uI <Jo-lx»I^j SjjjLaJI <ji j Jjlill jliS <jl “11 

: JjJaI* ^ a * ip *L»V 

, 4-J^>xxi UjjUJI d r ^ j d^loA 4_jSjSJI Jju L-iSjSJI <djS 

• JL^ o*j (-* 

: JjSLjJLi jJJLJJj-u <jJll)l < XX JuloJI ilUgXil * j-aaJI SjljjJ .lit A j jJ ~ 1 2 

. i»U**A^k <il5S ( j tJ jjj ^ iiLi^Ja |u iirihS (\ 

: <SJ^ ^—S^Lc J^Uol t-jSjSJI 6jJA X aZ. 3 U -13 

6jUa1 JJ£j <Jjl i^,jJ (i_j <JuiAJ J^. (1 

. CljU lZjUjj^. itjj-uj (<lo Cj^LflV! <£.JJUU ^ J ^AiJa U i l <JU a ^ 

: uuaaj 1 ^ U JLI uijaj -14 

JjaA II (1 

jAflll l>axA AA\ . 1. L^. J Al t 1 

L|ilfc Uj ^aaaaIIj jaAJI f^ya JS U^>A^X ^XlG 
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Lfl>a> <j jj J Cy*J (S^ W* ° L^aljj-o jjJj) ^cLi-i-o ijo m i nil liifcL^a ji -15 

: ^ j i n j cK>jVI jjJaJI (5 jjJ1 jU (^xlj jkjj 

fje 2.8 (j fji 2 (jr fje 1-6 (^j ^ 1 0 

i t jl 6 J * A «Ol i AjI 4* iu (1000) Sjj J ^ yh fc AdJ LlI i-j5k^-2£ "16 

f 

: Lu^ 11 >i 

.<Ifc£ <iyu> f axJ 6jl^l ^ ^ (j 1000 AU ( c 100 AU (^ 1 A.U (1 

^ a ^ *11 <1a ^LL ^oJI ^jl^jJLI JoaJI ^_£j-l!» (20 ) £-Sj 1 Ay \ ^jl (_)-=>j_flI -17 

: ^ <J (R.A) <*LJI hjj) j] (f^JJ jJkLI J^) J,U 

hms hms hms 

jSj U. V (J 22 20 0 (j: 1 20 0(u 10 0(1 

: L JuiljJ J^laJI JftA. tjbJLl -18 

f I IgA jajJI u«Laj (c-» ^-Jftftll ^tw\JI <jj! j juLL (1 

Loja V ( J jV I j^j -8 6 JJLj ^ajI.^i) (^7 

; jJaJI j» io j-aaJI “ 1 9 

l^Lu^ ^juijL t J1 (1 

iiO ( c 




I^Ja jJofc (uJ 

r-1 * “* 4 . i.jl. ..II | J 

jZA\ jkjJI J^k jjU ^.l A i nl l J^. Lijl,xo jVI ^£jjuj ojljjl ji -20 


jVI 4 jl 1 c L&l |u 

1 ^ ^ ( J 


jVI 4jlc. Lof. Ja lAAl (1 

(c 

: ^ Ll iJUll jJLS J^k Jnj a > -21 

<jSjS J>»> ja3<£^(1 

^ (c 

: JL4 3 lt^ <I>v^ jlsj^ e* jL^b ^ >*>3f ”22 

.jl^oll fj[ Jjlll 6jLj (j Luli &*lii (j7 4\l .^Vt (^j «gjL/ ) (1 


(j Mft i tJ I jVI (>—> 

I jS j L (J 
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: t_jmu 1 LI Lo£k ^lj_^.VI ^jl -23 

^j}U Jj^^JLI iA^>JI (1 

jSj Iaa *^jlL V (^ 5jjl jll 

! j-aa 1I jj Sj Jjl u^i ^nn < till ^ ft 1 "wII uitia^i -24 

liLi-* (j J^Jb (_a. Jjl (c_j Ijij (1 

; ^x. JU c ^jJbUkJI ^jiio i till j\ Jja no £-a j-oaJI jJ4 j_L>Laj ^jl -25 
(26. jLJI (j dlJTVI ( c cjuh JI 5^51.j ( v ^1*1\ >\j^\ () 

: j-aaJI JjjSL* Lojlf. tjS-aj Lo 

• ^ j£j ^ Ad0 ^ (j jyVl <la2j ttjJLj £jjjj (»—* l2La-o (1 

: ^/-lLLJI oljt^ll o ijuuJ <_JllJI ^1 -27 

^JJULi^JI JLxJI ^Uaj Jjjlaj 4-xSLI-fl JjljL^. j^llil (1 

^Jjj-u£ll J ci^uA II A n nn i till <JjjJLl CjlS^JI (jjuuili (^ 

: ^QxrtJ jaV O-flj ^j-4 fr 1,4,1 all <,ia^ k\] I CiM^iUI bjj i^i j>i.T> ^Jx JJbLuii -28 


Sj^Jtl (j«i 4 i till <^jA, ^uJ 

^^k-k^O J^j 1 4.4 fr^JUU V (j 


4j 4^h ill <JjJ J ^^4 jjSl (u-l 
^U^l4 j Lft.4 V ( J 


d ifll-v 11 ^( 1 

jjiiAi tJ I ^y-ajVl (^ 

: jAflll iuIjiiVI 6jjjJI jilu -i 
<X4a 1JI <JjjJ J5l (1 


I fjJ p &LM ^jLi ^ii4inil Ajlxo 114 ^JjaX ^ll jJ jJI 4jfr ^-4 L° t—"30 

t^jVl 4 i * to |u ^jVl J^i^kfl ^ya (1 

jSj Ia^> V (j ^jVl J^lal (j: 

o 

^lx 4juoi< d&Aj j“ A AAkll Uii ^ 27 < Ja^) ^ajVl ^Jx ‘ 44 > ^*C 1Q ,jbluu ~31 

: J5VI 

4-km.ll ^_fl 6^4 4 i i nil ^ 1 

jSj Laa (.^Ai V (j <LuuJl C»lj-4 
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i±A}\ 


: L_ U . H1 J^JLU JS V_ajlll t . i l V -32 

. ,‘t-nKVl ^jl J JS-tiu JaJjjj jaaJI ,j1 (1 

. ■♦h.KV l (kjl$l j-ftill (i_j 

. dfc i KV l ^^k. Jxflj ^jVl u'jJ J u' (c 

. vJaiJ^VI (£j^jLAija ^A ^kkiJ jaaII ^jV ^ J 

• >=^I ^ jl (j-fl 3^ 3>i o^jVI uf^ -33 

> Jc ( e . JL-iJI (1 

LA. ^j-k (j (c 

: ,UcJI ^ ^SIjSlI ^t3 -34 

Sgitlll vZmIj JjIi a!» (u 5JitJI ^JLLo jLiaL (1 

^ j^j Lu> V ^ j jj>±jSu jJLl ^ 

; lI | M || a 6j^ s Laj ^J_k » IalJ I 111 j d Joul -35 

iujUJI Sj5 (t_j <jj£H l^*jVI jjl (1 

^ c^jVI 0 1 (j <k™ ^jVI Jl ( c 

: ,‘i 6 i yla j)La jjijVI —La (jl^>a ^a l^fJa 1 2 <fcLJI j-aiJI ij y alil I jl -36 

JjJa. JjLi (j JL,1 £JJjJ (^ viJlj £JJ_>J (l_> JjJj _)-aa (1 

v—aj in^ll £jj jjLi JTjVI <laii j - all (jl£j ^.m v~.ll ■ *J ■ J ajjj ji ■''** -t* I jl -37 

: jj» J^LJI ^ uA*lJI 

• <SJ** v-ija-k ( J (._. ^ (1 

: ^Jb ^ xaikij ■_* 1 *“1 (_)<OjVI Jjpk ^Vl J^uaAJI -38 

^) U Aa. Z i l l ^jlwi-o (jiiAatlll (^>-*1^11 jl Xo (1 

Uljli-J^ j^k. j^k u-ojVI ^IjjJ JL^=^ 6^* (c 

gj-k >n j Lojo f-^juu V ^ J 

* 4-*^ uL® Ol jj J *lli1 jnfl<:JI Lojlf. -39 

Jj.t.-w.lH ^jlnl ■ ..1 V (J JSj (r IjjIj ^jJLu (i_j jljjj (1 
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: <aj jL^. oM-iVI Jjqjju -40 

i-ijill 5^1 JA, J £ja I \ I iif u-ijill <J3S £-* Ljjla (1 

. la* (j7 + 1) (_A ijLjft + 1) (j <-ij£JI >.9<rfi't £_* Iju-mSx 

: j LL-u j 1 ^JlxJI -41 

<jjj£ t>jVI ^,1 ^j 51 ^a jJjl (l_J ^la-tujV il l * n ] ^jli (1 

.^ nn i T i l l <Jjij-o l>*1 <>» lW ( J a «- >i ll gJjlJI Jjl (^ 

; JJa,a jluLft ^yA »lai nil ^jn o < tJI -42 

JjIxuVI Jttik. S^Ij (^ <jLuJI uJjJ 6j^^a (1 

Jlj^JI 6_>ll J (j £JL>^ *>lj (C 

jjJt LAjJ-Lj dj > ~ » 't (jjJlj aJ j «. i ^t _>iljJ ^^ic. ,JU J a jl l r» i ^Uaj i- m i d j 2 *J a -43 

: ^c-Jj 5jdl J 

fr^lSLa ( J <.j a-uaj^JI 6>U1 <ikiaJLI Sjil jJI (cj jjjJuJI alii ^ 1 

: Jj-o 4jjI j l$J j^Jall <LjjVI <jli VI At ii 40 Ja^ *^^4 (44 
j£j Lou# V (j Jji Lfti 40 ,jji Lai 50 (u jji Lai 90 (1 

: ^ (j^illj ^ijVI) > Cx£H r lfcill <JK jS>* jl -45 

I.A^ I J > ^jL-ula JJLJ ^^Jc. ^aaJI ^1 uJ^3l (1 

jSj Ux PyLl V (j u^j^l Jl (c 


(2) ^Jlall jbliJ/l 

: <JllJ| Ja-v II JSJ d AiA *a 1I <-»L=h.VI (J>^> 5^1 J 

: <jlxll ^ 7 jl^ ^i ail ^litjjjJI u > wall juti AjJLJI J^oIjjlII j^.1 -1 

eljlduiVI Joa. ( J j-aill ^ (^ (1 

: JjJLaJ ^Jalj^LlI jit f^ya Mi -2 

laojj ^UJ I^AJJ dJ^lj 6j-a ^ 1 

jij La^ V (j CjLcLiuj 6 (Ji 6J^I^ 6^-o 

: j^L ^i j^aiJI Loaic ^JIjlII ail -3 
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^jj5 JMa (j jUJ.1 (jr v_j (l-j JjVI ^jlJI (1 

: jl^'j ^ jnLii 0-° '4 

jVl J^JI (uj ^^-L-djVl ^Jjjl J^Ia (jl (1 

<n jSj La-a f-^xlu V (j (^jOjVI JW° (^ 

: <Ja-i_u1^j ^1^17.11 Jja. Jjj j ^lJ1 Ql k*\I ^a jjiSJI I qLTiTCI ^j> ~5 

j^j Lft-o *^-Ju V (j Sjj^il (jAJlII i. IjJraJl (j*jla5 (v_j (1 

: jJI (jL^J-flJI JJjJ <j1 -6 

jA^aVl JjJjiJI JJjj ^ (c_j JjJJjiJI JJ_p (1 

>^>jSj La-o V (j ^A^.VI CiVi ^jj jyAll JJ^j ^j-o J5l (j7 

: SjLLI ^ ~v * auj S^auJLI uJslaloVI gJijj -7 
j£j La ^xaa. ( J v Ajj^JI jLiJI ^ <_1 jL_iJI (cJ <_lL^=JI ( 1 

(jiK 2000 <jjI^a ^jJI jk^jjj j^rJI jLa-» ^1 ^jbJI ^jha *t* 11 ^ ^ ^jJU JLk£. -8 

*■ fl i U 


^JIojd ^Urk ^ IjfTtinfl (1 

(jLaJILo <jix.j l^aLiud (j ^LaJoL-u J^LUA. <a1cj IjaIuia ^ 

: <fllr >\a ^ jA^aJl <^aLl^uLaV 1 v sLlLdVI uiiaj ~9 

<aj*Aj ^j jaJI v |u ^uojVI ^-fi^LiJI (1 

^ (■> (j: 

: <jUoJJ ( ^1^1 a -10 

. JjJaJ! £_a ?*ti nil iilUl Siiii ^/u <5^Lc (1 

.cjLjjjj^JI jjx. ^_a <jjla 111 <5LLII 6j^Ju 

■ Lfrjjlj^. i^jj £-« oljj3>iJI JJC (^ 

. ^T^"k jSj La ^ J 

^:lill ^J JjVI 6^)j3 ^jIj (lm) oI^a a^laj B uj^«<* hj (4m) oI^-a 6^1aj A ■ -11 

• (jjLxo *11 ^io.ll ^ ^^*tl <i w„\IL 
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16 (. 


\4n ( c 


T<‘ 


4(1 


d , ,.o\ >11 AjLjluVI w * ^ 

jSj Lo ( J 


; *LAaJI CjLj^ t uhll ” 12 

ij-iiVl t fljln ^ 1 

LLw luil t <^lr> 

: U\3i\ JLLII <^>^1 <£lill Ijll ^yS -13 

^jj j^hJI, < <C-I jVI Cj Uq ,,^A ^j£. 6Jjau (uj (1 

fr jjflhll + <cljVI qUoa a ( J-® ( J JjJlxll 

; <]a^il^j |jO Lo -14 

jj.^flll ^ji! JoiJI |u JoaJI 

»VI ^1 JmJI (j <***1^1 ^>11 J~JI (* 

: <SJi^^ ^1^4-11 -15 

^ I * i a a jj <jjjjIjJI ^Ij^oVl JLil^L (1 
j iii - ji i ^ji <aIL^|SJI pi *Aiiii <^3b^!L» 

^JaUfc .j^ £l>*1 (jJJ Lflj>a^ (jT 

-16 

lyloJLI UjJLl ^c-i <jJaJLI £j\ lujjk II (1 

> j£j Lo £}*y (j Jjjilil 

pjukxl1 < *<ijt.ll JajJI ^jLfl <jJ a^o < i iijf ( j^jjVI ^jMAtull Je^ Aj uu ok -17 

: L£ Cxfii (^Vl ,^-SJl) f g J JjjVI 

C^* jSj U- V (j f b = f gfe f b >f g(^ f g >f bO 

: qLj^j uhll ^Ja*dO 6 jJ-*-^JI ^jjSj - 18 

<JLuk ( J LkU> <j^li-o «OjlLo iljIU-o (1 

: jjfc ^dUUJj iyfcAxiJ ^^jVl JjUckC ^dJL> v 1 1 <n J -19 

P^JojJI {fj ^aJLl <jl jj jj (jr 4x.^U* u CjjA^i 6jiu-oJ (1 


L *-(c + v) ( J 
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<!Ual>„VI JjJiti 6jl J-e 


-A (jIlAitJI Lajlj 6 j V ^JqJ (j 

: J* tL^' u^ 1 u! "20 

jle JbjuuSl j\^ (y *UI (1 

AjjLujIja i_> i ini jSJ La (—A ^ ^ 4.I jlx. ( J 

: yjSj SjjIjJI V. j£j£J ^ i njlnLutll JLaJll aJui Jjl ^jVI £^a tijlllL -2 1 

JjAJ-o ( J (j7 (u-» (1 

. le^lrmi jjSI jj SiI <1 1 1 JjJLj JjILaj Sj-AjJlj ^jijVl <j^a ^Jl li^lcu jJ "22 

£jl“JI ^ifln q j ) j Ui * ii (j JjUat (jT (eJ (^jVl (1 

: Lt* Uj^ "23 

^^fc-oL^ ^ ^j^ jj$JI iui^l ^li jlc. frill jLa-j (1 

Ja^III OLUII (-A «OjLl£. qIjjlla, ( j 

! j_^a^Vl ^le j“* *^*H £jA 4»aj 13JI 4 fv li.itt j^ aII <jlj1iVI illjLi j^Aj 4_JllJI ^j-° “24 

0 3 jte (j o 2 JU ( c C0 2 jl£ (^ S0 2 (1 

: afr^j^JI ^ (X^ ' J J^ wt ^l 5jj5 jl j^4 -25 

4jiiinll jia-fl JjlauJI 6^3 (uJ 4itill ^jjjJI jut ill 

>uUI 6^3 A 4 _uju 1JI ^Lufra ^ J 


^>aAll ( jmj VI jl >aJ) (^^LjjJI “26 

<jI^ 131 jl ajLtlil 4 £^juu £-a IjJjla <3 jIjA ia»jj J-a Lj^ 

+^-> jSj La^a fr^ji V (j lie aJJU £-J^-o £_a Lfc' - r ^ 

: 4_>jl*JI ajjuil£)l v_ j (^-a -27 


JaJI 6jl4-^.jJj 6jjC ^ ajJrf^JI 4 jjJL-l-c» (uJ iijjlll ^jjjJlII (1 

^uxu> jSj La-A V (_A itl jVI CjIIoaaj oljlUll JjA*y* 6jjG (J 

<4>j I A* un JjVl iA>3 ^laA ^jSJj JjuJI juij la^J * alt jlijJ -28 

: ^4 ^liJI Jl fr^l ^ Jc JbVI 5jj3 6 U ^Ilill 
<n La-A fr^tl* V ^jLjl j uIa 2 ^1 

2 
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: <jjJbUo 111 <jjl a will r I^VI ^ u% j J-iH -29 

A^AaJaJI l^JLu-ol Jjo ^jA ^ If] (u 4 iLiAII JA ^jA (1 

jS j U- V (j tiLia 'I If* >ol^» (j7 

:^A <1 (e) jUI aiki^l jl (b = 4A.U) J (a = 5AU) ^Uui jj -30 


j l~ ^ V (_a (j _i 

*10 10 


T <* 7 <’ 


; ^lr*aJI j^^yc ^j£- (^ ^uuiJ I ^o! -31 
jSjU.^V(j 3 A.U (j 9 A.U (j: 4 A.U (^ 5 A.U (1 

: ^jC. ^jut 21 ^=^1 JL>laJI (^j jJI "32 

(•— 11 CO^ (1 

£Oa^=> j£j LuQ V (J ^A- 2k,jj..U4 H CjIjJ 

: >-,*■!.j.4ii o^*S ^I 4_2h.jj ^ ft~j" -33 

^aJI ^y^j^lLuJI jl£ djLj >?3I pill jLkj 6jLj (1 

j^j Laja V (j ^aJI w»jli SjLj 

: SJLt 4 jxjJ Sic. \ AjjS jlc. ^jC- gJiUI S ftJrfcll <jl -34 

^Uria s jjjin ^JaLuu * flJr> (t_J jjUs-ua vJLiL (1 

: ^jl ■ fcUMi ljbja£- ^j£. 4 lAila Ja^lo^ 4 a ulaJI ^_fl 6jj -35 

. ^jA 6^*414 4 r J A ^ I4J 6jj J£J ( 1 

. 4jjjjj£JVI Cjljljll {j* 6 jJ<Tu> a Sjj JSJ ^ 

■ c£>^V SjJ <>* jf*i* Cry L* JtUllI (j: 

. j£j U- V (j 

: 4U i ,<l^ I ^vll <1 <JjJLa ^ tlVj I 0 1 -36 

jSj L- V (j ^uLS Ll^l»3 ^uLi (c_J LhJJLj (1 
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dJ-ti 6 XX jJl J^UI J;Lfl «<^iK 10 4 "kln*n 6jlj^ 4_a>jJ f >*» -37 

* j^AJ U 

(j 2890 A° ( c 9820 A° ( e 2890 A° (1 

Cj_iL£j ^ ill In A ^-lc a C. at ajL 600 Ujl JAo iu % ~il ^ >J -38 

^LUI jjLfl 3 X 10 5 '--j^All i^gjl aJI iiiaII j-<nnJ Xq — 5000 

^u^lo jSj Lo^o V (j OA ^ 10A (u &/ ^ 10 (1 

: ijjlill! CjI owu% II fjfi-x a\ 1Ij J trfiflll * uhll Jai»1 -39 


'Jl&l 11 (j 4 iliJJI 4^1 1 no ^ 4j*j r till ^kfl 4^JAxiJJ (_£j l jjJI Jjcd ^1 

: ^jJI JljJo LAj^ajjJj Jjl /) ^ Ikll ^jJn" 11 ij 5JllJI 4i.LJrJI JLLlII ^_fl -40 

LoU> 4jCt.ii 1 —-Jb 4jjjjI^JI 4jlaa»V! (J ^1 <juil 4a.?k A.ufl\ > jjaII 4ojj1I 

o ^lx. 4 jjXA <jl ^ All 4J1.A..A-1 g-i.ll jljJ (4m) 4 j!j— o A j\ 4-uh (41 

: ^j| (1 m) 4 j1j aA B jA.1 ■ mill 4_k^uilLt I 

^ *■ ^ ‘ ^ j$j Lqu» V ^6 l °* 2 ^ j Ia* * A 4 l fl » oA 48 U*-Al 2 

J^kll ^j All (Jl ax IuiL ^jcyLi >» 6 jaLlUL A IjI -42 

l aQ m JjjAlJI ^Jc uj^ 1 uhll I jjl 6 jJA <jlA (5000 A ) ^a*jil 

goa^, j^jL.^V (j 0.027 (g 0.27 ( v 2.7° (1 

: 04*“ i j j^uJj ^LAJJ -43 

LjlL. 6j y ^aJI (c-J 6 ja1o l\j* 

jSj Lo ^ ( J Sjji Slj-o 

; 4alucll * ajjAA 11 ^Usu ^A V 5JUI j^I -44 

4jj*i i n n 4 jJa-o Ufl< JS » jlluijfc (1 

. ^Aoll 4_=kl j* Id ^i ^jA.VIj jxLiJLI (2 jjl 1 UAi^^l <■ *41 ^Ja^iJI ^ 

^u^juo Lo ^ tA ^ ^ J 

I ^Jfa Mlhll JLtfJ A til £jA ^1.1* I i^JI ijAjjJl u! -45 
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6j ijSjJ ^ 0^1 Ai aJI jAJ^ll ^1 

^i^uo jSj Lo (j Sjj JI ^ o^ 1 

: J n"»jl £-ij-o jl^fc^kV 1 ofl A jo£> j iUj 5 aJIjJI ^j-o ^1 ~46 

^aJI ^.jjjLII jlilLa Cilfcllo>VI <jl5k fI^JI JiLu (1 

jSj Lo ^ ( J infill <Ja^ul^J (J>S* <jl j^ A * * no 

I -47 

<JaAj o^*i I <CL£l ej * A11 JaL^aJ ( ) 

iaL*^ ^ j Lo ^ IAA (J JaiLuJI ^o^ill 6j^l ^nLH ^ 

1 # ^liil ^L*UI ^L^VI 

ll£. jo <11 jaj ,2)1^ 12756 £-ILJI j^qijVI ^j^o 0.27 JjIju j ^all ^Lla ^1 nlr I jl -1 

: (^aUoJI 6_>lai (jU (j^jVI _>1 q 5 (j^i t>_y> 60 

5° (j 1° (j: 0.5° (^ 0.25° (1 

: ■_ fciuti JTOJI >- u w» -2 

^JfclJuJull ^AjJI |u ^a111 ^^LjlII (I 

lAjjs^ ^jVl <£( J ^jSLl <_£>»JI '—fl^Li-ll (^ 

: i-iuui jti </■> Jjjlaj ^jVI ^^Jc. jl^Jlj JaUI SjIj^ 5^jJ jjajj -3 

^i^Lt (<*j <AjulUaJI till SjA (1 

t^jVI Cj\jj j j>=^ 6^° ( J ^A-uALLi-o JL^o (j: 

; 1 a \\f- 6jLc Ai.iiJI j^ dJu -4 

o 

8 ^jAll jiVI Ci^j (uj ^j-4JI j^VI ^ (1 

0 

Lo-o (j 18 ^iVI CkTki*i 


LfJ 2l>l y (^ ^LuaAJ 


(s S^ ia y* (1 

18 3$^ ' Zx ^ fe 

! ^ If Liu^jJI jj"ki^> ^Jaj *5 

«■ I^pO^, (<_) 5jjLoj 

<jLj ja5 s -6 
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(v* ^jSI (1 

jij Lo ^(j i±i\£jj oLajj ^^ 

: dJjftLuij V <JLJI jj-a (j;1 -7 

(j Luj^Vl (jT (jLull (uJ ^■'V.i.Ai^VI (1 

: u |ixai ^joj ^lc. pl^a^ll 4aft jJI ^jl frLoiaJI j£a> -8 

6JJa * J jj^ la ^ i.<S jjS Jojft j it |u iai itt) ( 1 

6jjL*JU ^lallLI ^jc i flh^k a I AJ& uJ^ij] LgJ <a1o1a ( J 

- 9 

^LtiJL I 4_i ( jJlulL\ 4J>Ij£ C>J31 0 

4ilj^ jj^l |jajVl 4ilj^ 4_k< tu 

: J^3 -«t ttl^ -10 

djJ£j\ (£jli.iiA ^j-fl J-Aj (uj (5) Lajoc (1 

j La ^ ua ^ J ^lu 11 u^i »j ^jj^o l| xAa > ^ 

: jLoil fj] iLkjVI Jjj -11 

till iila ^a LK gj jSqj |u CJU. 4_flLj2^ ol J (1 

La^a V ( J <LIa <flLj£ CjI j (^7 

: j-5j ^^J^jljjl jLail ^AaA -12 

jSj Laj» V ( J JiJjJI ^_fl 4Lfaaj ^ <jl fll-fc £jLL |u 4"t at-w Jj^l J ^1 

: O’* ^*"1—1 jSLiiu ^jj Ll 1 <j^aJI l aS\ 11 <T jj$jlll (jl *LaiaJI J oaJ -13 

Lij-aVl (J 0^1 (jT ^jjJj^JI (.-» (1 

: ^JLjJI 4-fll!^ j-zw ^Jl 4ixlu 4_fltj^ jjl -14 

lKj (j (c cfJ 1 *"*' (^ cAj^ 1 0 

: j^i-ojVI <j^a ^jLj C) LV lll <j1 £j±>] (j^a J^l -15 

(j ((T (*r* CAjp 0 
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l^jLt -16 

L y&jJ\ <££ (jJU 2% J5l l|"lK (uJ ijjjlj L^jljl J-0 (1 

j^J Lo-a V ( J .*biKVI 4 u a ^A uu<a) L$_»Ij(.Xa 

: u CjL£jj£JL <J^*dl jjlc. jLLil ^cjj -17 

Jjj Jj£ olx-lji ( J C jj m I odlji (lj odlji (1 

r^oJl^VI J.iJI^-18 

^ i-fc **i jSj La^a p-^jlL V (j i^ujJLI v ftUj 1 u^xa ^j7 

.' ^ya Cj iitjlI Jjj Sjj -19 


Si Au oLlS^A 

jkjJiAj CA^Jj^f* ( j 


ol jli-1 i. aIajo ^uma. 


^jjLaj Ca^ju^ ( j JSdj (j: 

; <ic £jJu » uiAll ju ljj (^ajVI (^Aj joL-alJI u! -20 

jallj jLJI j, Sus (^ Jlillj jLJI 0-^(1 

^rj^k LadO V (_A 4 j Usual ( J <OAf iti oL^j (jT 

2 # ^[+xl\ ^LLUyi 

: In a a aK <jC- ijjVL iJUl oU .1 >JI J^l 

.) u>V ^jLiJI ^ujil ^Joj ~1 

.) ^xjj cjLiS-jjill - 2 


(.) IJC La h j^lj^JI ^Jajd S,U-> J^ jlj ^Inij -3 

(.) ^jioj La t—h£lj£JI ^1 -4 

(.) ^ Jafc <jjSjda <j jjJ jJo <J t_j£l s j!£JI ^1 ~5 

(.) ^ aUf <-a^5 vIIaaKVI ^Jc. 6jlj-a ^ JUiK JjdB <^1 “6 

(.) A j La <^j|jSiVI O j yJ /t ^1 ”7 
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(.) AJ La Irftl 5 -uI^IaVI OJ& ijjLa-i-oJI r \j*X\ -8 

(.) <j£aj (J5l <jjjJ UJ& tj£lj£JI -9 

(.) ^jSjoj ^ ^Jjk^JLl OjjJ ot>^ <—^$1 -10 

(.) Lo J3l 6 ua <Cl^Ii oI 6jj! J JxoJ ^1 ”11 

(.) a \ La 6jlj-a >na <jI^j-*-oI 6jjlj -12 

(.) u^VI i> > >3 ^1 ^ ^IjSJI -13 

(.) ^1 j^ gJl 6 jJ^jo ^ in Jr>llaJLl 6jJ^a ^j klrtu <jjLa^JI ^lj^.VI ^1 "14 

(.) CJ^Lfll it ja-u ^j£ 1 tfl <Jjl ft* ull jklj^Vl ^1 ”15 

(.) (■ LojuuJI ^_a ^Ls-fl <aLl£u£I 6j^jj ^iull <jjLq-*-oJI ^Ij^VI -16 

(.) IajIj j_a^JI J >'» > - 17 

^.....J ^£Jj 4j (^j-ulJLl ^LaJI -1 8 

(.) iiliS «— iilSS 4-uiu - 19 

(.^1 i^r>LfljJI ■ Uaujlll <Aa£. <jic ^jj -20 

(.) jJ^lJI <> JJ* -21 

(.) <JUJL±i JL^ jUJIJ -22 

(.) IjLfjj 51 aJ |>jaj)l 4 jj(j I ii'n «j <a» nn itill <fc^AaJll ^3 ,jj1 -23 

(j-a <-JLk 6faQ ^Jc. ^aaII ~ 1 aa xaJII ujl < <ihll £\jj L. -24 

( ... ) 

• („*-* I/ 1 -">-11 Jlj-j-C.VI 4 l r> 3 > J_lt (ju-c- 4JI J-J-a <-Jjlj jl -25 

( . ) 
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i *1] 5 : 1 


SLjduiL^Yl 3b 4>otl uLi^L^lj jL^jVI 

Stellar Basic Observations 


<j*- I I j U U ^1 CiLojlxll 3-° LT^ ub * U J 

<Gjl j- ^ * ' ^_Lt LjJjjj ^Vl ^pll loL^a \ (^jJI ^ a ^\ll »j^uxll ^ ft jjflJI Jj 1-^ "i II 3^° 

lit 6JAJJ 4 -j^j *itj J r» LLaJLI <Jl^oj <£>=J1 

jL*j1 jj-C < r> i\ 3 A 1 ~ L ^ iZjLaL^jVI ^jaiL-S 3-'° «*llflll fLolfc ^J\ a\ 1 

3-° Lfj Loj <iijA 11 <^l»jsyi olkll qLj^aJjII ^1 j aJl aaiIj <»l aAaII 3 -*° 

^ijll ‘ u£jj wijjui ^j_JI -v . 4 9 Ija a 7 ^ 3 CjIC ilil ika 

joilC. ^jLuJI j^ ill Jia ~«V v *> * I ^_jJ| 4 t * .«1 ^ iiVl 4 X loll \[ ^Vl &JJb JaA ft i 4 a Lc 6 jjl *^n 


Measurement of stellar position 3 ^aauJI ^ol^XI ^US (5 : 2) 


3>^lill Ue fLS JLo-c-VI f o 5 l 3* £-*-o1j-a (^Lj-2 j jjL j u 

4 tLu^uJIj Quadrants cuu^il Jxa ^ ^IaII \ <^ 11 ^Vl ^ ^ 11 a * l <»l <jaII 

L^cLajjI LIjjj « J <luu 1 L ! v * ~. 1 /v •" 1 <. 1 ^jJIj Asextant 

4 aL \a i^l oL^j^JjJL «u^L .~»1 !^£. 33 ^^ jjj*^3ll ^iaLa<I j 3^yi 3 ^ 

£jJJI ^-lf- II j l Jjuo ^ aAI^o (JAjLlL) Sjx.1^1 a CiljX^ »l AiiiII <JA> a 

Jauiijlll j3*Ijj 6 Jj J£. C»l^o <AjjiaJI 6, Uk ^LU Jjuuj l J 4 uiulL 4 < A t a ~v ~ Jaj 

ajjI jJ! 3 ^ Laic 4_uti 0.01 ^Jl^_a. & juf-> jII <5j L j- t - £ vj ^gU-uLlLI ^L*JI 

<^ 4 . u^-iJI <LjjJI j <lLla j) 60 a.jJI 3^ 360 ^ ^^ 3 4 _L>t£JI 

JaAj 3 ^aj 1 Aij^l ,CiLil^V! 3* j:j3* ^ ^\y* j.aajj LaS <i< juL^ 60 
jl ^ 1 oLil^.VI r lk: IIa ( 5)^1 j^VIj RA r: ~.~ ...H jJUl 

^4 JLaJI ^jk La£ (ALT) .U^I^JI ^1 jjfc <fel 4 j^l <jj| j y (AZM) ^a aJI &L^j| Ljlj 4 _fl^jJLcu 

,^i\ oLila^VI f Lki 
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Measurement of stellar distances 3 trtVtll jUjV* jaiLS 5:2:1 

£ i A >1 Ifl \ a ^.Ii nil Ll^-J lla 4 -LJjJ fj^ill iJLa 

. JLDI jj-flj ‘LahjjJ IJ^. 6Jj« > ^yy ill fj* J-^VI u >Aa ill Lai ^Jl 1 \ 1 ^rn Lf l^ 

^ a ill jtJjjJI <L_AjjL ^C-Jj jLkil (j£ * "I 5j-iJoLi_a La ( j 1 lALuu^jJ 

UjjXJI 6JU ^1 ^uuui ^Lll jl) Stellar Parallax Method 

ijAjVI ^ic. A ] <LUI 3 ° C aAII j^I j-^uoj jaJL) iSiA (5 - 1) JSLJI laX 

D 6 J-lJLjJI J^wl Sljl^Ai C c-Uj-aJI ^ y *11 11A <1 

^1 A 2 <LUUI <Liill J\ JiAai ^jua *iill LajI j_a ^ L &jjj *. q «*Vt ^^jVI j^jj l a j\r.j 

SjL^-i-o <J J^Jpj ^jJkl djja C ^Aill J i/'tj ^ .lull <*1 i.11 JJIj 

(^C- La Lfll *u a ,.\ 31 \ it j_a.j J)lia ^A (£jJ> Li I j i^L-oVI <jIL ^A V Ol J 'Vi* 6 JjJ-^. 
3 a.L ull JJt til uUuuj T 3^-4^ 6JjA Jl ^JAjJI J^J 61 jL-aJ {j}\ i LLi <la Jj-oj ^jJI 
<JJJ ^levry D Ju.ai.ijI ^aJJI ^Lajj wJb^xai A^,A | qpGLlll jlc JjuoI^JI ^Lfi D j\ ^-Vl.l 
<u^L 3°,J A 2 D *LjL» iduu D A 2 Ju-ialjJI jj lC 3°*^ I Aj . 

A 2 D 6 LJI 3 ^ la-uu ot <jjlj iA2T &L3L C ^aIJI (£j* A 2 j*^»1jJ1 3 L 

3 I a *' ui < A 2 C, A1C jLjlLLcJiI L iC jlc L^LI ajjI^JI I 4 *-uAj ^a cx ajjIj^I L ^ ^ 

L£ C 6 LJI ^ Jjjdl Jlc a JkaX (A 2 D\A x D) L 3 IjJdl L^LJI jJJL A 2 C LAJI 

(lh° (£j± Lo^ LjJbUkll <^ljVI JXoj ijjl^ll &j-A I A 2 ,Aj ill 

ft 
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-o jloA * ft t II «UC Laj ui -fcj <jjl jJI ^-C.Jj J ^J-Lc ^j l^UII ^_4 jI J—aJj 

P Sjlfcj P = L »j^ P (^j^lJI <jjlj) Jaill U u 0 * J>^ l 


(jiiaitill ^c. ^u>JI ^aaII ju i > uLja j^oj <iLd 4 ilf.^j <41»ujill ^1 jUL ^ilfllfl I jj 

:^Jj LaS (r) jlj-o JoA i Laij <(p) >11 J iijJtAJ (d) 

tan (p) =-7 
d 

Ljj-Aj <j_jI jJI uUA ^j L-uj <jjIjJI Jo ^jLfl I Jja*. 6^jJuo ijjljJI tiulS I jjj 

Ijjt <<jjJo£ v.Aa^i j_» ^iulftA t u&j 5jjIjJ1 

tan (p) = sin (p) « p (radian) = — 

d 

d=—-— =--- 


p (radian) (p"x-L x-i )° (-^-) 

v ^c\ ^f\ ' v ion^ / 


d = 


60 60 ' 180 
1 AUx 60x60 x 180 206265 AU 


3.14 p" P" 

6j^j 206265 jt i \j»*a * oil ^ajJI jju jU (1 ) ^ a y til ^y^ill <jjl j ojl^ Ijj^ 

6J^j 6 JJbj <(jiin itillj jj^jVl ijte <JLlJI| irk I .ii^jLo L$jO <jSIill 6 ^ ,4 K\a 

jLajVI ^UU ^Luaj V L^a^Jj .4 j. a\\\ a *%11 jljJl a iA jLuVI ^LlII <jl «uIIa 

C~>H) j 1 parsec iiLiijLJL ^cjj \a ^jSI ^La 6 ^ \ ,.> *jj jjj «<1^L^JI <jaaoII 

:<25UJL ^Iruij ^*11 jaj jU dLlj ^L- *Ljj <<j£1a Sj^j 206265 JjLu A ^\ll 

d=^„ (Parsec) 

* (Light Year) <aj^aJI <l^JL jj s > A ^\li jL*_»VI ^Li] (^>^<1 Llo^l ^ 

3,26 JjLu ^kVll ^ujj^JI jjLi ciLljJj <6 <jyuu pj iaII 11 iU^j ^iJI <_aLuJLI 

^jJjLa J\ Ajy .(d) |»^*dl Jju 6 jLj ^j-oALuJ ^A^JI £UjjJI 4jjlj (jU X XJ 

j] y\ (100) {j Jl lU" <■£■* > * IjIa^I >tLk3 ^dlj 0.01 M jIa Lljj 
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(20) jLaul aJaIjILI ^j <y\W Jii iA dlLk^-A JIa JS i^i <jjuj (326) 

<jft (J*AaI ^1 10% ^Jl Oil l | *i*Lo At ^1J ^->*)J <Jjl j l+l A 'W £Ou4J-A 

. 1 Ja 6 JiUk \ 11 ^frAill jlsul t^iLmaJ 6 ju^Lla Jit (_£jaI { jja laG»mJ dJJ jJj . dll j 
£_Lj LaJI |\\'| ^Aj jui iJmJI I JC. LuJI ^kJAjJI UjiV Qijill 4jjl j ^ul£ I jl : JIxa 

^jc. 6 jjlj ^a Laa 0.763 

d =— = — — = 1.31 parsec = 4.27 Light year 
P" 0.763 

^Aj ijiii 4 till j^jjbj ^A til j^j-a j\-» 4—aU-ul1 ^_Lt JjJ SjLaJI ^_A ^AjJI JJU (jl J r > ^V 

jjLa ^jAjVI jj£j-oj ^aaII j^j-a oL-JLI ^^lt, 4 _IVj1! jjlJI I, 1 a 1 4 j a J a.i "i u> ^ill cjIajVI 

jLjtiVI ^a tjUIL <J ? a i a V jj -aII Ixaj jl j-a jJoj » L^j ^a ^jiVI j^j—aJI 

^ic. CiL a-la*a llI jAij pI jaI t. tau ^pftAjJl £ujjJI 4jjl j ^^juLaA LjJaX. ,4. iftA .fcll 

v_a^liJI aaJI jLcu^I Oili j! jaLUI ^1 jkAjJl ^1 g oGj oUI^aII 

Cl^j "wj 1A til Lojj CiljLALiJil ([/j 4 A j tti 4jjuJI .^jDjVJ ^^ 

jj S Ujj JjaIi 11 ftll <jLuoVL» <iiiu 1 i’ll! <tjAaJLI <jl LoS ^£jaVI aIU JL> L^jlio 

* 

4jjI j ( _joLlA Jj£. jLkltVI j\JLj LiGL^I JA.Jp Cil A A 6 JA ^Jojlaj . LfrjlfLo CjjaC J_A 

v^ 1 Ci3^’ 

Measurement of Stellar Motion p ^aDI ja j^US 5:2:2 

Ifl « *aI^o ^ ^JG JaA^Li V Liil ^X-jJI ^lc <Jlc Cilt-j-cxU ft* Jill ^-A ajJI (Jjajj 

4_J-OAjJI CjL^jaJI 6 JA JftJU (jl L£j fxxJl ^V1 J^La J^La 4 H 1 Mill 

Cil j\ t ill Lijlj ^\ jj 4 j ft ^ ill ^IjjVI J<^ (jl jJ-o (j£kJj <4jlaa11I ^I^jVI jj i*i ^ If 

i ^ J A ^LftlsJI 1 Ji 4 Jlftjjl 4 tl^JI jjl < lie *JI I A J 1 jJ viUj r<Jjjio 

<£ja (jl jl 4 <jJLc 4-AJ ^1 ^aall 4 -C.j-l-u (JaiLlA 4-klftX. ■_ 1 11a!*< LfG-uuljJj aaII 4_Ljl^ftj 
6 J 1 J f CjI^j-A 4tj^ftA ft jt 6 J It. JALlLII 4^ja ^JLuj *jiSI 4jLuiil JA jG JA Ouii JALaaJLI 


• J>“- i>o^' oLx» j 
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.<juuAj JjljjJ jj a»A aLajI ^ L 4 a^aLII cjlj-jioll (ej 

^■ia <till <Jjl jil 4$jaJI 

. frLaill 4 n ii ft i till <£j aaIIj tJI ^ J 

jl) <_oL_aJI Cj\S j_aJL ^CJj -N. JJ CjLaJjI pa **u L*.a CiL^j ^11 6 j-A <jl 

j-^k; ^jl ■_ * (iljjj ill 4 JLilaJI <£>aJL» ii^Lx L^J ^luJ ^lllj Common Motions 

<jVlj 4 J C> Q ^ i 1 j^lc. 4 AaJI . 1 <UKJI CjLaIjVI (j-O CflLaJI ".L<J-^II 6jX 

• r >^ll <Xjjuu ^lx v—fijJLllJ 

Space Velocity V a^aitl a^Uoiii ax^uJi (1 

6JX i ( jitA itill 4 Ua\ 1L frliA ftl I ^_fl 4 j o jfl -v II 4 _iKJI <Xj i J| 4 a j n Jxoj 

; l| ujlSjj ^a uuiiajj LulaJI ^_fl oI^aa 

Radial Velocity (V R 2Ujc* JLxlJI) aoxUJdl ax^uJI (1 

JJajj ^j>a a iSiII ^jC. Ijjm t ^1 ^j‘ kA till JAJ LjjJI JaA. fti ajL mil 4 a \ 0 Jaaj 6 j-Aj 

^ix uua CjLLuuaJI 6JX ^jB jiijJ SjxLfl J a *~im"ij i^a^lll v julaJt JaIaj ( j^o 1 fl "i a-i5 

4 jlf ^.A Laa J3l k_jj*fcA a jXuuj ^jX £_jLJI w-iulall 6dllmjLl 4x^jJll JIjJoVI (jl 

4 \ ‘yyll 4jl^lol (jLfl J X.\ i a ui jX^o-a <jx £-jLJI >, julaJI La I UjjJ! j ^ > ^Ij^uj 4 flj a 


6 JxlxJI dJ^J 4 4 jq . ^>11 La I 6j A-a. 11 j AJ ^1 jjuj 4 Bjk 4 jlf ^Jk LaX Jjjj Sill mil 

V — c AX 

V R- C T~ V* 


JlAL illi (jy <UxbxuJI 4 gjjuulll <Xjy-uJI V R J ^JoAaJI J^LJI ^Jl X^ iua 

L-uLiil ^ Jl 4 ap JjJo A X- = (X — Xq) j <Xju-u C j 

I jl <iap 4^x1 a * all jkajJI 4Xjyoj Jjg3UJ A'vkll ^ iAll Liall J^kJI^ JjftLJuil ikuul^j 

* * * 

jJJ AtfuJI UI.J LIaXJ . ^JIIA «Tlll (2)A L^oXa ^ ^ *11 I jl <^11 Aiilll jjX lilJJA 

^uAj ^j-1x ijuAj |^y\X jk I 6j l j-*-o lailb jjJA .^LmLill 6 JJt J!La j-X^3yxJI 

kJLL ^x gjL pj^vij jkojjl - 4 jLI t, aAJa! til l a| inn ^Ijxjjj-iJI ^jill 
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< i a ill 4 J ft jinII Jaylnall jjLfl X i-L ill fJ I jLfl .<jjl A a I I JjJaJI j nVif 

JayJaaJl dlt j » " "v 4duj JjjLLLI ^Jula II JjJ— aJI Joylaa ^Jc J)tU Yi Jj,\ aJI j a I 

j ija 11 4 U JflJI JoylaaJI jjli <AtLu!y <Cjdbu ^aiil 1 «jt LaI . (Jjl cTi o J^lIu ijaJlJoJI 


{j* i$$ (AX) Sj-iiLbo Jj< n "fc I I -^ Kv a ti l Lfl iAij 

' fj\ j£l JL jjJ-aJlj <>» (X) JL>^I J^ 

(5 - 29° ) <ko i/r* 547 i jJ% ^jjia ^ail 4_flj^a-o <Lkda aIi 

Tangential Velocity V T 3 u.iUtl 3x^uJI (2 


LjjJI Jaa ^1*- ftLaj) <_i_Li_LaJI ^ajJI <Xj-cu Jlaj 

t y~ flj« " l jlfc J^a_aj <J-> <6j_JuLi-A iijl a.tl Vy .£i / lIjI J—ayj 6jLc ^^uiLibj 

:<_JLJI ii^LxJI ^t jAJdhtfL ^jVl jv'y ill 


V T = 0) r k m / sec 

Sjl£ (^uUuj Proper Motion <^3l jJI 4£j_aJLi ^axU <jjljJI <_c.^_uJI * * ^, .1 ^jLlSJI ^j-oj 

<a jjiLJlIj <adjL^lJI jLix^jil LLujI (5 - 2) J^lJI * ■ J£1 4 t \ II 

:<_JllJI <5^L»JL <^_axU <ajI i Aftll <CjjuJL» 

v 2 = v 2 + V 2 

R T 
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Proper Motion (2U3I jJl as^aJI) jxaJdJ ajjl^Jl a* juJ\ ( o 

4 1 >11 ^4 4 J tl~k II •*-'» j^JI A » • ■•‘■II ■ ^jdftUaJI j. ^ jjl ^4^-1 ^J*kII j j « "> II Jxaj 

(J-O A J-AUuj ^jJlj (<J <juoUJI 4 ^ ^kll I <Qx.ju_li »U tiill JSJ UJA .4jjU*ull 

CjL^J-^JI aIa jLo jl ,4 jjIj CjI A jLc ^fcll <-ijl jJI 5 -Sj_aJI jJb u ^jJ\ 

It l ^ J-aVl iL^Jo «^y Alii £-Sl^i < oL-oLi_fl Ua - i lkl t < 6 J _JL^aJI 

U-fllu <L-oUll 4_ilojJI AjSLiJI «frLAjt nJI 4 J-o <lyLo 4 aIcu 1 jj* *1 1 flo Oj 

Blinking Microscope JMl ^ijlu ^5 .Lj^S; (30) 

jXJ f< a11t> a A-uLUI I o tj t JjVl Aj v ^aJI 6frl lAl ^ic. JaAj A*Ll»l jJ </t -a 4j i,juA 

j^Jal ft , <ltl_fl 4Xj<utj ^-Lc 1 jlAj < 4,.allla ^JjV) l aju Aj j i n II A^Uol JjLa_t 

all I <LiL l aim j| (il-aLc.) 41 l4j 30 J£J 6" ^sll r> *i]| 

Ajj^kil (joJLi 4 __l i^ll ^y ill 4_u! ill 4_^j_J2kJ1 £_LjJ I lA <AJ, *7)JI Cj_)Lj ^ lAl j (j 
oiLfSLilll ^ ^LU ^aJu^l llSUu ^La Jjl^lII 11a Jjlj <1^ JU (0.1") 

O^AllI 1)VI (j*o 4 i 4.U i ill 50 JJL* ^LauluJI JjJLj Jjl LJ jj5 111 .4iAalll 

(5 - 3) . J^itill ^ Us; jjVI 4-lU l ^a Uc. 4 a 1*11 ft jjjiuj 4 iaaIJI 



* 

\-5jN 

—*■— * 

TODAY 

50.00DOYEARS FROM NOW 


jAliJI OAlt IjijS jftJAUbl ijj|jJ| 4 $jaJI (5-3) j£Ul 

(10.3) Jj Ij^j ^aall JjLa 1 *■' *■ ^ * A4jj I j Cj 4_ijj_aJ 1 Aill l^lo ^A LaSj 

L| aIa! a a! cUllj 4 a j <j!|j oISja aJ-ulaII j* j aIU jj li lA^ ^A 4\i i< / 4_ulj 

. 4j^lil ^alll Jaojj LujjJ CjU}U5* 

ajji^ji as^aJij j^iu a^uti a^^uJi ai^uji (^ 

<(5 - 4) itill aS (^jJLI aUJjVLj jaAt all ^ (f) <jUiiA ,U JJ U AJ (jl (jljjl 
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4—t 4 

ui *■ * AC jk* lm \ a II j | h> a 6j-^l^ <juii JiL* BC ^jb ^ill c-uL^ IjJ 

^j “ fl » J}LL 4 uiiLJlIj 4 i f.li jJmJI 4fc^uJI jUJ A * aij ^-lc. (CX ) ^xuaj 

JjjI^JI <jl jl 1*1 f.l J IJ-A. 6j i^uamJI Jjfc 4 la ^k\ll oliL nil Lojj . 4 5j " 11 

^Ic. i ^1) ^yua i u II 6jjlj ^yO y& ^Jk 4»^I^VI Sj ji in (OC ) 

\jl g m i nt \lA Lr lfJ (0 > . .(^jVI 


BE = (a" / 60 x 60)° 

2rcr 360° 

BE = ( 27tr ) (gQ = v t 
360 x 3600 

v _ a" (2 7ir) 

T 360 x 3600 x t 

V T =- — Km/sec 

6.48 x 10 12 


.j_a]Li l mlij (r) ^*>11 jju I jlj (t — 3.15 x 10 see) CujJI Lu^^x. Ju* 

jltjliHI Cj I ru^lJI 4jjlj <JVjJ , >^3 lj$ a *i 1 LlA a^> ill 


:cs^L&JL> ^'^•*■11 41 ■ uLJLl <£.^ujJI ^jl ,(3.08 x 10 13 km = vll 

v _ a" 1 (parsec) _ a" x 30.8 x 10 12 _ 4.74a" 

v T -- . -- --- 

6.48 x 10 12 P" 6.48 x 10 12 x P" P" 


4.74 r 


‘‘II 4j_jI j : P j (|>-^ill luljJI) 4j_jljJI : a 
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yiy *11 (j*iA,jLioA 5:3:1 


> iuli^L « j^LLI Jii ^jlill ^ > aJI Hipparchus ^jL^cVI ^51 all ^JlaJI 

uU ^ c-ljIj-a Cu.U ^IkJI l ^ fcjleuuu jjj Sjj-^JU ^jJJlII ^aj 1000 

jl ^JjVI ijjjJLl ^_fl la AJ > *t«C- LaJJ£,j ^ojVI ^>a j U"i La£ Ic^Luu tv\1I ja^I i.a*n"> 
^jjfcLlaJI £jLuJI 4-a*jJ l frjJj xJI Laaj a -*.11 >, SlLuoj (m = 1 ) JjVl jJ_L!l 

jLj ^jJI j 4 j a ill I ^ ^iil ^ja CjLxa t AXuO Jjl ^Jl I J^Aj (m = 2) <ajLjJI 4ajj1I 
4_la_^j» jl jil <JjLaj <jla^U 1 ^^w\ll jli I j*\A j (m = 6) 4-i-ujL-uJI <S >jll ^'vVi ijj^Jkl ^/jlIU 

.4jlAjja 4 ta^k i jl j5l JjLaIa la-oll 1 4 ajLaJI ^jy >11 Lol 4 iAa^ ia 


> Jlkjl ^Ac. t jjjSLUJl 3-^ <!AajJI jl jSVI ^Uaij JajlII ^ajulu) JJlIj 

^-Ll jLuaVI <k j^o Vjj 4 oSLaa < 5 j 4 jjJblloJI 4 aaa 1 II jl jjVI <jaLS <ijjlo ^lc oiluiiaall 
AjjaiiiJI 4LuaUll lLlLmJ) jjlIlC. £aijLL 1 I ^ > Jl 1 I ^j9j .4jia laJL I jxC 4 jj-JluJI CjIjjJ-Aj 
La ILuij-l a (5.5) ^j JbUo j \ fl jj ^jJfcUaJI ^jkuJI £u . jl J_flVI ^Uoj» 
s>r ^iJI ^1 U2 IjI JlIL, .^JljUI ^ (6.0 j 5.0) LajL* 

J5j ^jjbUaJI 4 _c.j-L-u jl ^ k> > LiLi (m = 2,1) ^ a -VJ jj_i 4 J (Polaris) ^J1 a ***11 

(j\J La LS^LxJl LaI (m — 2.0) ^jAll J^a j ^ A11 ^^aIDI ^j£- I J^A. 4-La-L-j-aJ < * X. 

> * a 1 ■* " > ^—fi (b) ^ i ll (5jjfcUaJI (m) ^^jAUoJI ^ a V i I I jJ-U! 

^j *l\ Wagner Fibre ^Jl*JI Jj -5 j^a ^jJI < u* ajJI 

^.Lt ^a aj 11 ^jL*uliA\JL La 4 ua 6JLaL Ojljjl I j| 4j| ^-lt ^ 3J(j j ittC. j_ojLjJI 

4jjI*aa 4LaLu 3^j gjlill jjjLill jjli ^Jl ....,16, 8, 4, 2, 1 J!La <LuLu 

:4Jllll ^Lll ( jJI... 5,4,3,2,1 JLa 


[m = C - 2.5 Log (b)] 


6 J ^ 1 ^nll fju [ i flll JIaj 4_jj(j 4,.i a ^ : C i^^AllaJI ^ aaaII j: HI J!laj ^ia. ^ 

jAaJI {ja 1 a y\ Jjl ^Jjl J^4u> (JjjLaJI ii* ^ ^*iyi jLli ji^ : b .juvi 
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ijl—ft tlilj ^lc. ULjj jJ_Lll (j_A LajL^lA 2.512 Ixjk< n <t)l JjJlAJI 

jlj-Loj JjVI jJ-SJI y lA ^jJhllaJI <j^ ^j-ALLJI l^X^la-uu f j ? > *H 

^^jftUaJl i ^ Cjlr> < h ( jjJI tlli-t LI . (m = 0) An*>ll jjAJI ^£.-U 1 &JI 2.512 
jjill ^CJU ft I ft * I A 2.512 jl J ft a> ft ^ -y \ I ^jJftllaJI ^frlfi aaJI <j-o ^£^ftl 

oJj-UI »U, A J I qLl^IJI c ^jJJI f^ill <jU ^L^VI 11 a (m = -1) ^JUJI J^VI 
^ a ^*i 11 jj_ftJI ^Li i j ft 11 ^Llj (m = -1. 6 ) jj-5 <J (Sirius {m y*^j j«*<) 

(m = -12) ^jJbUaJI 6j J ft ft I jJ-» j| ) fu 1 aSiC, J A ftll La I (ill = -26.7) ^jJbUaJI 


^^llaLAJI jjill (jj® 6j-LJL^ oLj^i.uh ^Idaa ajjLi C.i * n i ft Lc-^Iojlai -%.JI (J5l Lot 

( j 4 jL»-u 1 |kA Jun 4 UAill jlj-ftVI (j*iL ft a JjI 4 ftj ft -fc 11 j . (m — +25) (jj> < t i l | |j 


4_u^ jAJI ^jLJLI 4 ft ..I t j.iAj (jl ^ t lag nn (jl a^jVI Cf*C- <jl uUJ uli -k <4_>j iii i II ^/jlU juraJI 


V jLi I sa 


,Vlj ^tUI jj£j La* (2.5) ^^Lu-lJI jj-ftJI (jL£ I jl 14.all All 

j 4 iLaJH Loul^ Jlk* JLuu ^ i A11 ^jkjLJI (j^jLft ^Jbuj 

3iuAiil jljiSU jkUajJI 5:3 :2 


4 ^n^;ll jIjSSU L-aS l*lki Norman R. Pogson ^.1.5^ <jLjJUJI ^^iSl 

i All ^fttljJI 4 a A< ^ (jL) k-k^Lft LJL^ 4j Jj^klil 4_i_fll^x.^jj-ftJI 4 j a ^ ill j I J_flVl ^Ikj 

LjJI II 6^0 4j_A Jj-ii! JjVl jJ-ftJI llJI <L-oljJI 

(Am= 5) 6 jl jLo 4 jasAII jlj-iVl liji jl Jjj IIaj ^jLJI jjAll ^ >=^l <>« 

yi^All (jo <jxiilll (jU lj^4j (100:1) LftjljLo 4 Uu> 

(100) J ^^UsJI j-o 3^^3+f (Am=l) (jjJiUa jj-L 1 a 4 * A j u ^jc. j 1 oh i 

. LfljuA 2.512 JjLo ^jJlj 

< 4 aJaAujJLI 4«AjjiJI 4 t a \ 11 jlj^Vl £-a l a A ^Ueu ^ a a Al til li >J 

. JjVl jJ_Ll1 ^aj ^Jl q aIL jjUaJI^ ^jl^jjJI (jl alr>l aaII jjl l Ajtf (4^uolA 

;4-Jllll 4 aiALjJI 6j_y *^Jl t JjJaJI 4jjjli ^ Aaoll ^^la^xJI 4jjlilj 

m, - m 7 = 2.5 log 

b i 
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0 . 4 (ml-m 2 ) 


_ =10 2.5 =10 

b, 

layuJ I A A *t> JJlaj b2 , b| ^ a y\W ijjjfcLiaJl JJLu IT^ , m j uU A. 

J)j>jTill 6 JulL) n^ \ 11 

jli rt||| ^ULo 3Iniijl^j liAaJI jloSVI <j*jUS 5:3:3 

Photoelectric Photometry) 

6j-|-a1 <4-aj^ 1 OJ^> olj ~i <lU , ..i jL ^ o \II c^U ^..11 1 a LJLa> jkJLi 

ljj^ < attll jjl mil ~\ \ <A»I in*ii«VI AJ *L ^jjLl^J ji i h~i 

^Lu-aJI ^rlffci .ill ^Jl <i-QJ <uj 31 a 4_^ i O,A^ > l 1 n <-k.~kfl j Qj 1L> <J ^ o m i jj Aj^jJ! 

# l 1 j# 

Lujjj^JI IjLu 1 ft Photomultiplier ^^ » a^LaLL »^.*n,lJ 

J-fl.uJI Lr lc liA jLLLJI a JuJj Jajj j. l i <qI (I | ) jLuJI aJ-Ju ^ I^u.% 

# 

^lj)j UiAij L»-o < ililll a . ..II pj .*■^jjI <^jliJlj ACaaiJi jLU «nll 

JaA Q <uLUI c-Lq_i_ll 11 f jUll »j a a 11 ^ajuuj j 4 vaAill Ajj aaJI _v -v 1 ^Jl * all 

^Lla^ (j^lfluLuiJI CaI^I> 1' jj^JI j-u-al (I 2 ) jjS^jj iiilS jLljJI a Juju \j£>J jjjjJLLi 

.( 5 - 5 ) iTill LaS ....h 11 ^J| ^jlill ^aaaJI Jijiu 



<LkA^jJI jl aiV I (jAiUl 3jajJo JIaj (5 - 5) J£l£JI 
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Jj.il4 ^ A ajJI £^lou-uJI ^juLlaJ , \ jft n ^4>.I AJI > ftf l *^-Jkl ^jl 4 Q jQ ^ llj 

IjjWl n < ft it.1—£ 6>^—>1 r < } ^Ul 6j j ^V1 C >\>^JI 

'«J1 J 1 ^ i~ > ^k^Jaj i^fc »■ ^ ^< i v 'y ftl~i £j\ j^udLS) Charge Coupled Oevices (CCD) 
LT^ J^.lj (^j-AlkJI 

Lujla 4-ul^aJI jl ji^L) ^ a^ll jfcUajJI <6jlx, 4 jA^kill JjjIaaJI ^ J LaS . jIjAjI 

6JJA *Lo ^lolxa 5j *t*Til Ij ^Jaifl JJX- j I \\ -% I <All ^aJ <^aoIj (Jau-uI 

i^Lxll 6 i1^J 4ja^Ji1I La I <jjLa 11 4_»jLi£. ^ ^ K* . .."I fr 1 n < ni l <_j-o 

t^y* Lu^Aj cJI j La ^_a*JjLlJI jJilll ■ Ixjlrun Aill ^ » jl Jjl uUAi 4JL»jJcaj £Jj± I^wLfl 

jl (jJj»AUaJI ^ a ^ ill J^lou-uJIj jLj-jJI 6Xui <j \j <ajLi_i <Jfl^Lc. jL^jl aj I J*\ Aj JjVl j J-flJI 

.(^.IkJI ^1 jSii\) 
(m B , m v ) aj^AUiJI a ^Vtll jloSVI 5:3:4 

J-lCj <Zkjll Jl^JaVI ^yO £_J-U Ij (£±A 4 nji A CjLc. 1.1. jtj tlqjj £ul£ LL 

Sjlj-a. y JL4 9 1^ *LuJ^A)1 oljjJjAll <JjLajLa oLa^JJ (<JJjjLl 

CjI a ‘ T ‘J A ^1 J-HauLi ^jjfcUaJI aaIII £\j1cla*JI ^LlI. SjLc XUH ^ Qj tllljJ i^lJI 

u>lll) jJL^y jkLftl f<-Ai-ullA <0J>ua 

<Jj HI ill £j\aJL> ^1 CjLauLl^JI <_jjLaj ^jJbUaJI j v flit oLi-uLj-fl jJxl J^qj uU3k (V) 

.Visual Magnitudes jil jlaSVL jl jSVI 6 1a 


\a ^_fl ^ A-lVf £ Lj ilk^ a fjll^jyj ^/Jtll 4 uuLaai niy 4-iJjjLl jl J-5VI 

. ^AAiiJI ^L-ol jjiA 4 jV I <,^JL "j«^11 j > I jJ j a4^*»VI 

J^l AJ "■k (B) Jj^VI (j^ JJI j J j AJ ^JUiU ^j -ll <JJ^ Cjl AAtjA JLftJU i ««LjJ 

jl jJVI) Lf Ajuu2j JILojjJL j,ajj ^1 jIj- 5VI ujlij oLuiLki 

-.1 a .uil a ....I...^ ^ (m B ) ly\ jl-uVI ^-sHyZj , Photographic Magnitudes 

^Jtjj Jjjlli /i JJ a. ...I . ..-v tl ajjj J <L_lS I jjJ±] I 6 jlx. al n » ~ < nil Cull < n II 

<Li^aL^. CjI iiij^a ImL (U) ^ill ,j y j a«L‘. . **H jl jSVI ,‘i y i^UII 

_yj .Bolometric Magnitude (m^i ^^i^jJLJI) jjiJI \ .a. I ^.<1*11 ^ w~...^ 
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jOCj 4^kJI JljUVl > 4 Jx.j jk^’ill (j-o 4 \t %\l I <AJJ < All 4_SllaJI AAI L jtj\ \\ ft 

■ Lujl 

OV ^^jVI ^Jx. AjLoLl-Q 4 J A ill 4^jl JJm JI (J4jLlA i_t« aaII ^j-Q 4j| 6jJu J Ll 

LfiA i a t<i a c.n ( 4 ^ ^ tu aIjJI 3lMj *1^ * *^11 4 * au\) 4 1 -JLI JljLVI 

tAj La pi krt a ^a 4 jajj 1 nil 6jUI 4 Jclj-liI^j (jlli£ ^ *AjVI ^j a]| wJMjJI l p ilj"^1 JM-L 

^ n a 1 t i ll <£U- Lfjjl^ » jt j,i<n"> ^jJI oiti *a jjLi tiLlj 

^jpA ^ l^jl tdliAj < 4 I k t >Ai i^JJI LjIjaI U LuiA ftj lj4 I ^jVl ^Jaxu J.juOJ 

<^A l aUjI A ulltla AAll uOJJ (JikA A At 11 £cL«*u JjA J^jl jl <ijT> AM jiSI ^jb Jill A ill 

# 

J^LL <>a }LoL£ jjJL 4J AAti V L.^.aa JSj plj. a aJI iZ.L-kJ La jl m fl'nll <jj-i 4 aLIa 
jcjjlj-A-t=JI ^L a l auI IjI VI Jx. jj-A l^ aaiL-a V Ia^Ij <_£jJI ^-fl^LiJI 

oIjj ^ i uhl L iL^JLlj vll ^ajVl c-fl^Lx. j^A »La ill ^_fl 4 _a_jLx. 4-jlxLLuqVI jl a qVI jl 

.^Vl i^Vlj 

Absolute magnitude(M) 31UaJll iL&aLJI jloSVI 5:3:5 

v fttlrkj ,j£jAlkJI l^Li ^jLi LljIa ^y ^jL-aJJ 4j_a£J! 4jjlill 4 ftjjio jJ J^JLlaiI JaX. 

I La jj-xj jVI Jx. La 4JlLL-o jLuI Jx. £Aj ^ -^11 J djL* <^kjj . j-LV 

LfjLi ,-.l qV~~J JJ Lx: LajIjljI l qMi^I Jl ^jjbllaJI ^^LaaJI ^_i}LLVI 

S^juiaJI 

I jLi «»j » Al l jLJLIiV yAi^xll ^-ujjJI Jl < JjL-u^JI I La JL u-u-aLlj 

(jli * La (^AI fth-^k A (^AjaLlaA Ja. jLii Lo^lUj ^ A »fl II JLaIII ^jL^LaJJLA JjI A^j JLa 

jjt LLxi J-1-S1 J ^ Li ^ia uJI JjLj ^-6 LLlL Jkil J |Lj lJj a*« La^jijJiI 

JjL-aJJI jl JA-o 4AjJLA ( J ^fLlI Ljjaj V dlj J^j *J»o jl c5d^ 1I J* I4I0 ^jVI 

LAjLa > fluVi ^J l a 6j^ In* it ^Jx. I 0 *J ^JaLII ^ »l aL II dJjJj i^A-kU ^II 
^u-boj uu JLJI ( Ji l ^jj> i LjUll Lj^^ ^ |t*L j, jl 1 10) 4 1 ^ * ^ulajI^A 6j-lL ^Aj « Lx. 
JU ^ 1 \«^ 1 -k*i xa I v d *j .4 t a k a^ cjLaMj-LI ^L-aUI ( J 4 jjaLLJI oL}LiL>VI 
1 ^ _ AL :4a^LJL ^jaIIoJI JaiJI J^jull j^Ajj <4 aL ull 
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II j yA jJaJI jIaaIII ^jC. (L) ijl>. 

(b)j 

—” . w,.1’rJI J!uli (A) j lie- jJtj r)) j 

471 


^laiiJl ^jU 4iii* Jl aj^IxJI j>>til ^ua 1 (r = 10 parsec) *nl jl>i 

JIaj ^jllj (M) Jlki! jl jJJjJ ^ ft 1 ft -kll ^jln < nil j UJ l ^ la JSJ «u "k 11 

jj_i LgJ ^1 jua itilLfl. Ll-o cIujjLi (10) -a ^Jx. 1 ^jk, ^ ^k\lI c5j jbLUJ! jj_Lll 

jjl_JI ^ic. ^iuL^ I j| (My — +4.9)^ijJLI jlLJLI Laj j-5 uJ& d * u (^v = “26.7) 

^ a a»ill jJ-LlI ^jajLa-S />jj . (<uLUI iillAidU L^_flL=h. 1 a -y'i juAdj» jjl * till ^ - x.l ^ all 

(My, Mg, M u ) < fltUll jjdft .i-ufUj <JL-iiVl jl fUj^ll jl <_Ujll 4 aLVII Jlkil 

jjJU (_£ jJI (M^j) jjkll y4aJI jJ-iJI ui m % 0^1 cilj 

. ^iJSJI 4 1 A-V il l 


: Distance modulus(m - M) jajJI JaLxa 5:3:6 
<Ul^JI 4 aJ^ i All miaJl jl Jft A ^-Aj iulj^lll JjT- J ** * (M) jlkil ^jXLajJI J jJfiJI LI 

^ A Vlll jJaJI <CjjIj ^J-uLiA JJLJ La-LA ^-^jLAJI r_ 1 i A Q i I ^Jl j\ 7k\|| IfrJAAJ ^jJI 

(iTl y — j* jJI J^Ijuju jjj j^All Ll£. aJjljj <jjljjjj jalu (m) ^jJbUoJI 

• M v ) 


jLui_uV ^ 31 Jj jli V-^~ iJil » Jl ill uL A *J 

(^ 2 ) j i(rj) ^ ft 2 a -k I I 6 J-»j (jj^j U»jaa ^Vil 1 (^alkJI JIaj (bj) jl ^^-lc 

(r 2 = 10 parsec) ajjlj 1 ^ v *tg. ^aIU «all 

^1 _ _[2_ 2 

b 2 r, 2 

<J^L*JI t Jm Jl J^oljua l \ a If. Ijl Lk£. ^ a ifl-w II ^^jJI J.* t j^ai 4 v-^Ia 

m- M = 5 Log (-^—\ :<JUI 

M0 ; 
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JJlJI J^bLsua I jl <j) jSjJL ^ a ~y \W ^ a tQ ^ H ^-^ill Jju (l*) 

* 

. 4 .i a^i jljljjIjJ 6jitif. j$ Lj 6JJLj jjLfl ^jL-uj 

Color Index ^jjJJI JjJjJI 5:3:7 

( jAil ig '■k 1 aAJ aJ J-fl < A (jOujt l A a ^1,1 '■w 1 ml 4 U , ..lj t JjJjJI jjOU 

uuaa La jjl a aIII i, a h t i,u"k (^Jl^VI) ^jjll ^ «a11 u .a »j^VI ^ *All 

JJ—6 Lb <_Zkj_L> Joju^j ^jAj JJJL ^ Aiuj ^^Ll.-kV I I j_Aj <^^k. \H 

.(m B ) (_£j-AliaJI jOaJI ^j^A (my) ^jjjLl jjSJI £^1oj <<xajJ 

m B - m v = ^jUI JJLI 

a i^VI ^» JJL <1 a jjjVl ^» 1JL l(-^jua ^«t> t ^jJI j^LJI ‘JI (jj-i I .1 a 

jV _>j£1 ul^ 3 < jjj^l ^111 <ik l-A j-U jjju JJjJj J 51 jjj' jL <J u 

# * 

jkj ill LJLu j| j Sj JJjJU kdLljJj < Lfl-l* 4 ^ft jj li 4 _Ujll < Slalll <X^U-1 <J 

<JLJI djuA ^ajJI ^,.tu uJu Jk Lxoy^A LfUj Jjj SLfl SjjLJI Tk.Vll La I . < 1 aLJ 1 
<Xjlr>iml Jfll jXi^juj djJ-fl jjLfl vJJ jJj • JjjVI o>UI c> jX* (jX—1) W. 

dUj * Lj ic.UjjJI <Uatjil 4 aUUl 6 Lb JJill 4 XjLmJ j-lS 1 JjjjVl 6 jL jjjSLj ijOJ^UI 

UJ^f pI j-LlaI Ij *1 J^a - Jl j*>aLI . Lu*.j«a ^jlll <LJj (Jj^f 

(- 0 . 6 ) ^Jl J^J LJL^i ^ 4IJxj W il^UJI .LSj^ll HI Lai (+ 2 . 1 ) 

( Jq 9—flJI ^laLa <jjJbUoJI < i a \ i II jlj-SVI Oj-tl^l J ftlj (+0.6) ^ji^JJI l ^ I ilj ^u.A^lJlj 

<jjLlu_a jj ^j i my ^lj_flj-cJI) <_ujJLI <Lilaltlj (iTlp) ^L5jjJI 4 -AlalU^ (m u ) a. ■ '■ Aa* 
UL^ J^) 10 4 K < 5 jlJ-=W LwJj ^ >i l Luj_ 5 j J-L^al JJj ^ - U x- l lj 

l^oxua <Jllll <1 MaJI jj| 

m B - m v = (my - m B ) 

j)iaJ <jLfl I J H JJU jjjJL jj ^ j j » l* V L ^ \I ^jjJJI JjJjJI fjl <Jr>-k^Lo 
:<i 1 tilkll jIjSVI jl i^Lkll LarkJI jlaSVI <Wjj JJJI 

m B - my = M b - NIy 
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JaJjJI La Joaaj jVJLi (_£jJI ^^oL-dlaVI jpG 

. L ^ji\ LkC ^Atill JJLJ jL^jI j^iLa Jj£. jjlG <J IJJbj rf^pkjVl ^Jl 


Stellar Spectra 3 ia^jJI ^iUbVl ^US 5 : 4 


^Jl J-i-^J I Ojjj^o 11 ~yjJn jui 6jlj-a. CiUkjJ jlxJI <ja 4 i | *>l a CjIj^ ^ y\W j lltJ 
CjLpj_fl ^Jc 4_1 jLa 4_iUa uu gb < flllnll <Jjl j oL^.jjJ! j>a CjIj f. 

J^JVI clj^c n">j jaj jji'mn ju ^ c^r lr\t nil ^Jl ^aIII jJaL j>a JSLj <zwpJ 6^Xi^j 

igAJjjJ J | II CjIjJ £-a ^jluaxi <6 .XA <4_l_jpaJI *AJI (jp jjJI <-1 ^j J^L_kj Cjlj t lu l l ja 

* * * * 

UJ 4 UIJ « LlajjJj a^pLl 4 JjL jljjjj O-fllia (ja Lj^ J iiGj utj < ljj-a Lajl 6 JjJJ I I 

ijl Jli kb V ^jJIj 6jtaa oLp4ta <jjjJl oLjjijj^JVI <iLLa £_ftjp 4,ftfcYaJI CjLq jl art'll I a j_A 

jlpl Jal^ LjjpLj ^Ur, jl ^prn i ip ^pJI JapOL=fcJI j>a j a jS JJJLj * t*il > flJn utfjj 

jjjlSaj oLaliiLi^VI jli o^xill ^-fl 4_JLaJI jLiJI 4_flll5i *u.ij ■ ^ * u v-tt Jrill 

,^1 ^jLlaj j_GG .6jLiil (jj p £JVI ^ irtj ujljJaa^l ^Jl (_£ jjj Laa 6j-Xj 

I JJb Jjj 4 JJU iU.ll Gjlil 6j-Ld |Gj jl jJj-fl 4,1 i^OjVI 4JL1L* ^1 Jo^ a^ 1.1 6jlrnAj La I j-Aj 
<ja t, jj V\ IVI Lf_jl ^ ^ ^ > JJ ^jJI Cil ^jL ,^VI 6 jjk J!La jjl ^^ 11 jl k.nr»VL) 
4aj^. (J^ali aLI 4ic.L^ jjlaJI JaaJI ^J[ (_£jpj 4a-t-ojVl <JL^JI ^Jl JLSIjVI 

^ ajjjj L^ iAi> £-a dj^L^llI 4 i a Jail -Lpi-^ II .\ a a cjjjj 4 _^_ljuj i ^jp ll ^a Liu^X. 

^Ja^Ai 4j^_* - pj SkC. * Ail J< LlAj (4J)j^JlLI ^j_fl JjIpL jftl i itl I y ftpnll i u'il 

.(jp^jp^l) jkJ=LJl 

j^olojJI t L^->pauLAj (jjjj L i^boJ 6JjL 4 j_^ <a1c.I LfJ ^>11 Llj 

V ialaJI Jj) .*•> ■ t\l I r^j tJ±\\ uiap . I 41 lIq 4 at \K > ill ^°L L^JpaJ 

■(^jLaJI dj^. J^Liw jaj jl (j a Iaii H 

JiHj utj % j a ^ < iill > julnJI Ja 4 i ^kp>l JlpaVl jalj ml nL «6j^J CjljjJI 
Jajla^ ^ j ft u)Lp a u a ^Jl 4 y,v " a oLla olpaus J^a ol j jJ! 

- 1 ijfliil cJulaJI (jlpl <£.jja 6j.ua 4a3lj <uoLv^aXaI 
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ill pIjaI jIjlII SjIjA <AjJ :LaJI J^LaLc IJJb oLj^JVI JLaIjI v a "*jj 

* 

. LlaiI <ki i A 

^jLa <^1 a fifl In*ujlo IrJijicj (3000K) jjLJI u^ju*^* 4 II jLi < 

Ui i^jLq jVj £j[j£jlua SjLj-q j^£.j 4HLx <JjUIa Lu^ij <cl J j 

^Jb IfJ Qj AjyJil CiVLL ajVI Jjli jJJjJ il m n't 6j >f >n 6jjil ijjlj^JI 55j»aJI <ftlla 

<JUJI) jjl a jJ <Lul <ii ^_6 4 a a(j a i ^ «n a\> 3 j~^ CiLjjj-fl iajLdI ^1 jrLlaJ ^_lJI jit 

. (^ltl 6jIj! CiLjIuiA — iijuOjVl 

UklLI <jL5I^JIj (LJc SjULa oL>1—a Jl J^VI jlill c5 >uJtl) JL olj^a U 

CulS jJ jkjaJ ja J C^ajjjJI jLt 5jl ja J jVI . Lu I Ja <ioxJ> Jl 

64 j_^k ,^—a (j/ 7 -jj v j- 0 H oljj j, a <:i I jj—c tjJ—* <(6000 K) JjLoJI l> lT^ 

<JLJI Jj-o 4-iijJ^11 CjVLaIjI >. 1 ^ J ‘ J< jiljJ < (l j ‘m l a j i_> 1 *, *,1^ 6jLLa ^iLjluui 

JoJxTk jjc L^ 1 /n. * ^Aill t, j Jn j ()la* a "J j J " ^ J^Ltlu <^Jd 6 jULo QJjYl 6 jLl1I 
^jA\ <JL^ ^J-A 4_fllA^ J,i-jj| jj Sl * “J <4-kjJI JL <£A. A A , A jJJi <AjUfi 4 1 i^iA a! 

(10000 K) iLLJI ^jpA ^Jcl ja! h Jl jLc. 6 jl^ <^jj <jiul£ I jlj . j^Vl 

<JLJI <J tlA^j^Jj^JI CjIj j JJ£> JJj J^LIa jj£, <jJj *Lft C^AJjJlJI ol J ijA JjJjlJI j,li 

jJ La-O i^IL 4-f^ A -V 1 <Aj|^Js) ^^^LlALaVI Joj4a^ SkLul J I Jj 1.i>J fjjSI » * ^JjVl Sjlill 

IaAj ^ ill 6jlj-^ <AjJ jLjjl ^A jJkV ^aj Jya jl JjJ C £-=^jjJ j> ^ II 4j LaJ 

^ ft A A^J I ^ iA I it II jilj -y\W 6J-^lj ^b^j^Ja^JI JjV l Ai ^ **r\ jj^uJ 

4 oh^wii ^j^\ii 6jlj^ izwj j oLs^li^VI ^Jl 

a^lll ^lj_ 2 h.l US (20000 K) ^/^.jj j i ^ II jli. 5 jlj-^ > <^1 I j[j 

A n Jj^ySLj ^1) L^Ljj JlSJI ^jL. <j£ 7 -Jj J J ^ ^ oljj ^Ja* A ^ l~!k-.lj LajJx. 11,La SjLzJI 

4,4*j Mfl 1 1 a^ <ni > ^jC, ,' 1 »j ^ I % (j-o ^1 (LaLaj LjLIa ^cwjijJj-^JI 

( <_1Jj-i-o CjLjjjj ( ^"AJ (ulH 5J^0 ue^* 

Jj 0 II JLk^la^ 6JJlLkii —a 1 ^ t ^ ■ LA 4 a -vV <J^j_A Iaa 4 a jla iA 4 1 . ^>1 " *S\ 

II 4-IAj-o <jjuuj jV (50000 IC) 6 jIaJI \ 11 ^_a us 4^1 *^ 1 qVI 

. 4Utt"»v A cJI j La 


4^i fljlnll J-AJ JJj 1^ ft JrJI ^LllJL ^ A JMJ ^LLu ^-fl ^a»iJI ^ujjj Jjftjj 
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.(5-6) J^ill ^LS,(OBAFGKM(RNS) 


I III 1^ mil j^A) v II Jyi u"lA VlUfl ^ _j_lc Jx» l^-LO __ 


^j) y\W (A) ^ft ilnll £. 1 ^ ft lIti ( ^_fl <x-*-oL-<aJLoVI ^ II Jo_frlffc AJjlIi 

J ^ 1-* I ~ t V B ^ Q i l~> i I J \ 1 I l ^ lit |V t ( A t 1 A L \ .7. I 1 X ^-V 1 | \ j | -W 


<(0) ^yJk Jill £^jJI J |<V> ^ i I \*\ A j 6J_jj Jftl < t‘t 1 La (j II £^\ Jo^Ia-a. AJ_*-L 

4 \t \ t t oVI Jajli II 6 j-A fcjft ^taJuJI Lfl ■ » ^j£. <_la^jJ 1 ^_iLkL»^l > ft \~\ Ij 

Jjjj f L fl Ja i i. A j L$-ut3 4-a*j-i ^ J-aj 

j*I ^1 (s) Lol Kj L .. fJ ^JI j_xLl (O) jL^JI j* JjVl 


(>^) ^ jl j-c.L l*J j-ajj O Lc.j) o ^ n ^Jl ^ i n ft > > 6J-A ■ ^.J) -% i i 1 

£^jl 1I ^_fl J^jI J>-A K9 JU . ^ ft JeJ 1 Jj-ajJI il^k,,tVL u^JJ < (9) J! 

G2 ^ ft Jnll £^jjl ^JJ ^JII rt t Till ^yA LajJ t Mo J1 A * u\ kJjJjjJI K^ ft ilrt.ll 



14nA.t 1 3 .a .Ull ^JLu^Vl Ji*4 (5 - 6) Jiiill 


V q’t^^ js Olj ind ^1 

M 

LfjjJ j±uj * (3400 K) l> J*' ^?-j J j-4<> u -» >*J 

1 djlf >_iLi ij i<ljl » ~il I oIjlill ^j-~« ■! SjjjLla 4 u^i ■ ai al lajlaa l^A^la ijz T ~ **■ » < j - ai 
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. itlj^aJI l^lllol ^j-oj Jji I >S) <UflJo 

K £ ^i 


Jfljkai (3500 - 5000) <j*o >.ftiII 1x4 <^jj 

(CH) JU 4ju^jjSjjXj-4 CiAiIb jkj_^ vJLl4j j*-S <<Jjlxlll iX»lj>laJI 

dU^JIj ^l^xll) L^lCul (>oj (M) f^iJI U° <^>3l Lf^lj < l\% -k>^j 

.6ji>% II <JjLo ^Lilijj Ji^Jj jfl l o j ^.UL-k (^-*1 jJI 

G £ >ji 

^al xl Jo^lfta. ^J-C. (£jj\ (5000 * 6000)k i^yo \ Al^aJI IXA 6jlj^ <-a*jJ 

l Oj iAl <_lA vf II Ja^leirk U1 JUJxlIj 11 mIISJI <-»^aU. <_uLj-oj <ljUl o CjIj-LaJ ftJUJfc 

tj^ nit (CH) Jlo CjUj-^kJ 4 fcAtln j^J-lcUJ .(F) t, flli^JI <JU ( J^0 

‘(cbf^b JU >Ua1 o>l £jl*i 

F 

* j aVI Jo_^laLSkJI jl (6000 - 7500)K <jx, *\ *^\\ Ixa 4-stjj 

CjIjIaJI ^yTfci tl 4jn->l > s\\n I i3^k^. Xa^Jj .. (A) ■ alo^ll <JU {j* \ Ax *Al 1 ^ ^ Ij (^a.j(jj4| II 
JaJ"k IIS <1 jIajII CjIjIaJI Ja_jlaik. > U (^JjSJIj < .jk^Jl5l]|) Jlo LoLJ UCll 

(Jjlj ^aAJI 6X4 j^-Ljj <Jjlix ClAA CjIj jJI <jx IjJjS I jl JXa <jV 

.|4loLiJI *iJlj mJj-aVI (jjj 

A £^UI 

JojJft^kJI ftJ uiJ^x (7500 - 1 1000) k (J^e t ft\*^>ll 1x4 6jlj—_4 *VjJ Hj 

Jxa LjLu jl < LjLJ UjLj tuOll Cjl jlill jtJr\»x Ja^laak Lol I4J 6Xx£i ^ ^Jl <Ajg ^kjj,Ufl II 
CA^ >■ 43L XL ^ aAl * (jkA^fj fj j * J lS-lIj i^utl_pJlj t XXaJlj i^jJ^jlL-JIj Ijkjj-iu*-ufi.lil) 
tjAxj ^Jl J^JLj ^jJI 4 J 4j laJI JajlftxII a " x jj US <<_xJLc <^jJ ^Jl 4 juLj^o oljjJI ^u^oj 

^2kJJ *<jjl>JI ^T.ll^ 1 ^ tU_ 4JUVI jjjJj |kj-auJI 6X4 ^Jojj <JjUlil oljlill 

.(jJl^l ^oUl 
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B £^ill 

[C l ~ A(11000 - 25000)k . o'. ■ ^11 | jjl Qjl J_lj 

»(*I■ JJ) <JjL^.I 4'.jl ~ a oljlkl 4 a j « . 4 . a .L Jo^U-k ijjl* ill j*-jj 'j " 

, ila^ll <JU tin* c£>^ Ca^jj^I Jp>lcfc3fc L»1j «( £ j j *** \ fcUlj <Ca > 

.(J^tVl JLaxJIj <jIa^JI J^j) Iffi*- Jjaj ‘jj>» u>^» (O) 

O t >JI 

JojLa Lu n*i JaIs Jwlc ^ y aJ ^tirik (25000)k ^jja > AjA^aJI 1 JJb 4^jJ ^ 1 u 

Jill j ^aIa^JI ^Jl J^JLj 4 j k jin Ja^ji-k. Sajjj «<ajkjJLl < ftUiIl ^qL*-oJLoVI 

ju-ollaJI ^ Sjx* £ l ji\j o/gJI ^^1 g^l^Jlj -utfbll 
^ X jk^j) L$a£LaI Jaj < jjjl UL^J ' I A®* <*f*-*-0 JaA Ja>k^. 

4 i tt tU ll i il l t. 1 L flh ^a.1 4 t I >» 1 < *! A ^f I la ^W^vl l 6aXii J ta » 4 aA (5— 7) jjuJI 

i^AJL-o ^ fljU 1$ aJjuu jo^k. J$J 4 i^al a^" ^Vl JajlajJI uUA 4 ja aJJI 

(jjLLo jaAj£ <1^111! JajJo^JI 6i ii Jjjj LoJ- lC <j] ^4 aja_a 6jl^=k Ja£- ^1) 

4aAa1oJ1 £ I^jYI 4aa i 4jj jj ltl JaJj I jjft . JjIaaII 11 ^jalAj ^jC 4aa±iIa]I Ja^lauaJl > AX iAl 

£ ^jJI w fl < Yjl 1 4 K i *»*> u ah" k ill l JaIaaaJ LoLq3 4 AaAJ jj-c <_L^ 1 o Sj jjlaI I 

Ijac j*a2l ^ (o) £ jill jl \j& ^Y ^j-alil £>dl <>> (A,B,0) 

J! ^ (M) £ ^a 1I (j-A La^ ^ i (jl ^Jl l * a jj *a OJ^J j a JtlL) C<adAj 1 aK 

^^ it (Fo) ^Ai 11 vllJj.^ . j^^L_iil £ Ja 1I (j-® ^aj L-fjl 

jl <iiLaJI . (F) (>* jAt ifl k t F8 £ >JI (^-U Lauaj (F) £ >JI Ja ^. iVt a 

J5l (B) jl (o) ^ ^ -y, \ , \ fl fl < JiAA 1 ^-AjjJU LfJ (JajaI 4 J a mill 

Laja^j 1 ^ aht aj 4 { j^j ijoa 4 \Ac LajIjcLa (R,N,S) 4jAkU.ll . ttUa^YI Lo^ . (M) £ ^jj| 
y ill jjl A aIaJI Jjfcjuj <^»UI A JAA j^Lajj (3000 K) I^ya JaI Lfjjlj^ «6JjU 
(s) £ >kll LaIaj J^lj 4 1 aj j I* ijjl LaJ (R,N) £ Ja]I 

•S^aIj < um>i jkjAijSj^JI 
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jjiJI um^l (m v — 7.3) 6 jjl y>aj ^Aduji (100) 10" 

^jlj b] jJl j ft aj ju^ji 100 JAJ ^1*. >Aj jkA j l l <j1 *?My ^^kil 

:^jk ^c^kuJI * mall ^j $jj b 2 <xa^j 10 Jju jJLil 

b 2 _ (100) 2 _ 100 x100 _ l0Q 
b, (10) 2 10x10 

^ a ->' > 1 1 jjill jj-i JjL*j 6 JJbj •' ft * H O <l-ft jlj-LaJ b 2 >bj (jl 

r^jllll J -*ill jjJt £^]o-i-uJI OjLjJI <jll£ nj kUO .<jo^*> jl jil (5) 

100 = (2.512) n jl 

log 10 100 = n log (2.512) 

2 = n (0.4000196) = n (0.4) 



0.4 


m 2 < m, = b 2 > b, : <j1 Lu> 
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m I - m 2 - 5 jl 

7.3 - m 2 = 5 = m 2 = 7.3 - 5.0 = 2.3 

J-&. My — 2.2 ^liaJLl niy = 7.2 >j>Ua-ll I jj I 6 ^aj J l i.— I 2 jii 

SLa£. * 2 *>ll j&j Lj JaJI 

my- My = J* ill j-obco 

7.2-2.2 = 5.0 


r = IQ 11 +0-2<m-M)l 

(m - M) = 5 log (_L) 


^ajJI jju jL^jVj 


r = 10 [1+O2(5)1 = 10 ll+1] = 100 parsec 
jluUiV ^ II ^1 » j 15 Jlj-i-uJI 

(m ■ M) = 5 (jl Lbl» 
b 2 

—= (2.5I2) 5 = 100 

b i 

bi < b 2 jjjl ni>M 

b2_ _ ij 2 _ r, 2 :( jl ^ 1 

b, r 2 2 (10) 2 

100 r, 2 , 

-= —!— => r, 2 = 100 x 100 

1 (10) 2 


r] = 100 parses. 

Li (m - M = jLa) ‘II 11 ill JaLls u»* Ijl 3 U“ 
d = 10 [1 + 02 (m - M)] = 10 [1 + 0 2 (0) 0) = 10 parsec. 
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S^ijVl (jC. ^y ill JJLJ jA Lai <Jbjlj 0.75 Lo ^ jJriill <Jjlj I jl 4^- 


1 


1 


d =— = 
p" 0.75 


100 

75 


= 1.33 parsec. 


or d = 1.33 x 3.26 Light year. = 4.3 Ly 

jjill (jli (jut *t »Lu l tin TTl y = -27 ^J^l.1 ^£jJkllaJI jJaJI I jl Sfju 

j n til JjLlL tc v aLIqJI jut .till (jLlL (jo * * * till It m v — -17 j till ^jjiUaJI 

YjJI lillj ($^*UaJI 


m 


‘ m vsun = -17 - (-27) = -17 + 27 = 10 


:,’i1 Loj 


^sun' > ^ moon 


iJ 


^ sun < tn moon 


•'sun 


= (2.512) 10 = (2-512) 5 (2.512) 5 = 100 x 100 


''moon 


= io 4 


<£5LaJI ^1 jaIaajL jl 

b. 

—= 10 °- 4(mi ■ m2 ^ 
bi 

— = 10 [04 ( ‘ 17 + 27)1 = 10 f° 4 ( ,0) 1 = 10 4 parse 

^ moon 

Lo ^ tI o ujJ 1000 LiLtiit jutjoJI jt JJLu ITly — 7.9 jll iC w fcUaJI * -*• * 6 ju 

3^' >* 

d= 10 [1+02(m * M)1 a»JI Jtlxtj iiLJll 1 

10 3 = io [1 + 0 2 (m - M)] 

.-.3=1+ 0.2 (X) => 1 + 0.2 X 

3 - 1 = 0.2 x = 2 

X = —= 10 
0.2 
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m - M = 10 => M = m - 10 = 7.9 -10.0 = - 2 -1 


b 2 

b, 



*^aJI jl t iiVtV ^JI II jjjjill ,*! yl 5 ya — |_J 


(1000) 2 _ 1000 X 1000 
( 10) 2 ■ 


= 10000 


100 


- 1= 10 4 =» (2.512) n = 10 4 => n = 10 


m 2 <m, ; 

rrij - m 2 = 10 

m 2 = m, - 10 = 7.9- 10.0 = -2.1 
M = m 2 = -2.1 
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i^L^JI iluu) 


<jjIj 0.5 ^jL-nj jn/1 *till Jl A i iulllj <jjI j I jl ^ajJI <Xxj . urt*kl — 1 

. JL ^ a-%\1I 

.<jjLa1I ^aaII A£.jjuu 11 >. \VJ ^ a \ 11 La — 2 

til £jJLlJI JjouX i IjL — 3 

(_gjl *u*t Lo ^aj 6jL>ll tluL£ I jl ^jJlliaJI ^A--y.\ II jJ-Lll 6jLjJI ^_A Lo — 4 

15.85 


(1.5) A ^■'vtll jlla II jJ-DI ijL£ I jl ^ ajjI jj j A julu til La — 5 

• (4 • 5) jm B >^VI fV t ll j 

.^Sjll (^jJlllaJI jjjJI (£j!1a^LJI jJLII LjJX. ^jSI La^_j1 — 6 

.^jjJJI <1 aLjla Laji <ljak jjL ^auJ (my) (m B ) Ljjl£. ^jSI l a^jI — 7 
. 4iLSaJI <jjI jJI JjblIa U I jlx ^Jc. — 8 

JL»A Jjfcj . La ^ri/tl j. ^ 4-ul jJI 4j£j^JI £jU j \aI \ — 9 

.^Vl <j*o C^LH ^tto ittll A t"k 

^3kV ^rkj J^a 6J. Aii 11 <jjLfllA abj|[j 1 *| 1L£ La j ■ y* *• 1 4 » AtUII jp^la^JI jjSj 1 j UL — 10 

■ 1*1 if* Sja.lj C^jj^-ll o 1 Lh 1 


• ^jjlj4 II CjLjjV ^oLuqIaI JojIoa. ^^ic. AaA* ^ fltlnll > flj\i^tll ji La — 1 1 

Jlkll ^aaJlII jjiJI |tj^ Aa JUau^il ^Jja V 9„m II U- 12 

^ujjJI <-Ljia ^1 ia"t* III ioil^Al jj*aj ^jVL 4 ol I Ly^LuuVl 4 AjA ^ 11 La — 13 

4 tA^lll jUjVI ^ * t"w"! ^^\il 
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Fundamentel Stellar Properties 

j i ^ aj 6 :1 

l^llrn mI^j » j5kUII . ^jJI <itLUI <L1 ajl 1I <iyuul^JI j^UI jVI jaJ 

<luiLu) CjLo^Ixa ^lg- 

. aall oJlUl 4^UilftlI (j*o f-LollJI <jJI S^>S> La J t njj Jjl-h \ <.uj 


Stellar Luminosity (L) 3 iaajJI 3-ul 


^jJI 4-lKJI <jllaJ1 iua^ L^jU ^ a.i 11 ^-A.vA.tfrJl g^Lu-uJI j|1 <jl^I j »1 JI 

./ ^jl &JL=k.^j djLfir ^uLijj . 4 i >J^1I Jl^jloVl waJja. a all ^J| d ^Ja^iui ^xilI 

<LjIj / (3.9x1033) JjIju L 0 jiujiII LjIj^j <JVjj ajLx. ^^vll LjI L ^ ul£jj 

• 1 0 6 L 0 - 10 4 L 0 yo cjIjS f>?^' * t&H j 

^jJI <JL jlIiVI jl _v ft AJ <%. *y\W J 1 . d -w l . i. A 1 A A (J^joLa jdjslc. ^ If- ^J»JI \ a\ «"j 

J ^-lc L ljj ll JaIu ^_jJ1 j 6 Jjxj ( j r A ^jUJI d A 1ft “• £jA <xl j, till 6l (] * - 

Q j" • ■■ (J^ U ^ 1 v ^ I <jLfl i La_iL*_4j LlXa La^j .4 t^L...ll jjl 5 j|^ 2 w 

IdJUi <5 Mjl1| ^ < iaaoJI <_ulj^aJI <_jl i ii*k 1 

L = (4 n R 2 ) a T 4 

< " A i ° £_1 ajj ^La—LL^Ll jLxxJ_iij Culj (o) j ill ^Ja_fi y ^J^Loj (R.) ^ 

Jlkll jjill jl <ijIaJIj .j.y»ll 5jl ^ ia.jj (T) j (5.7x10 s erg/cm 2 .k 4 

l-JXmil I J^-Ij <>kVI Ja-a 1 A 4 A A jk-l dLljJj <JLtl jV lU jA ^JjJLI 

:<jJUJI <\ t A Ljj I 4 4j . ^11 < jJwVI 4jj-*-A AA a LaJlJ^l llfl^£. I j| 

M v = 4.8 + 2.5 Kog i “ 
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^^11 Jlkil Jjlaj M luMa, 

itill ,3ilail jjill (4.8) 

<±>J\ all aJVjj 5-u^il <LA^k\ll <*iljjill Jlc : L 

jJ_iJl ^ A ^ ill ^^lajuJI ^C. J I t ■ "ill ftjJjftla ^u^LLa djLc ^ y XIflit J a * *j 4 n jj 

^IfcJI Jjill J fdxJI ^ (L) (M) jlkil ^Jl jjiJIj (m) tf^lkJI ci ^UI 

ljuhj <jk^k.jjl tllljJ JlkiI jAill Jaaj ^A.-yli jUrUjj 10 Jjlj ^_lc ^ ^k*> ^jILajijJI 

A >K1I |k^k*JI <-kjl j v > dj^Jj 

<t^JI li^JUi ^ 4 M^j^ll £jLLlll ^JAiJ ^X. Jj ^ ill <X.JA,A,4 <Ljj1 JjjAJ J^AJJ 

:<jJLl)| <j^Jalll ifliUJI ^IjaIuiL juaaaII <JVjj uua (M) <xAaJJI 
L = M 3 5 L 0 


Stellar Temperature 5jlj^ <L*jj 6 :3 


c l a *11 % flli-tlI oL^jjJI ^j^j^La gjjS jl i L^llaLj ajJI <jI jJuju 

^JoA a a « Lj-CjU, U ( LfjljJl V illkj kiUjJj * l.|A^lau-U 6jl<-SbjJ ^aaII 

Sjljp* J jj Sj lalu (3000 1C) U... J l^J c-Ija-^ II 

(J * 4-i~> Uiij (10000K) .a nil ^^ill Lai (6000 IC) L^^io^u 

.(20 000 K) J\j~ J\ •Uj^l ^1 Sjl^ 

;<jJllll J^ UL ^ajJI ^U*i« 6jlj^ JA^jj 

. l+il^11 ftjjfcl 4114 t — 1 

.Jjl\ JaUII ^L^-2 

jaI aVI Ja^iajh Silliiuj ^aaIII t iiUl JiIaIj ijJj^ J* Jail v Ax*^JI LfljJL-o ^y* — 3 

• La jaLj 

‘ * «<4-ul j » lU IjljjJLA ^ya — 4 
^1 jAAdLJilj «^a 1U ^U_^VI ^'l"ktA — 5 
X 0 T = 289 x 10 5 A°K 

Stellar Radii ^j^JJI jlbSI ^sL-cul 6:4 

Kj w.l t ^ lijUalt ( _^jl_i_fl a 1 ^Li dJ j ' (I Kt T **~ f ,J 7 -iII ■ 
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fc-iln&jl jLUl I 4 J <AJJ < A Jfllij^ ( 1 * 1 a AjyiSJI ^ja| CjL y\ t Jill 

i-Ajxll ^y y llL Aj j i.i^ll ^y ^k\ II ^X Jj itii i * 100 R 0 0.01 Rq £aj La ^y ^oll jlloudl 
a ^ II U^UjlJI ^y -y \ 1L II Aj i Sll a 1)1 White Dwarf Stars *■! * ^ * ^11 
yU A I tjl i ft kf* y*y y iu “j^ ^jLlaJI ^aJu ^aaII <1ajlu^iLI ^xjjj Red Giant Stars 

iI^Ia *11 jilaal ^uLkLl x.vi t-v j laij^w fl aU II jj L Main Sequence Stars 

^aJI MICHELSON INTERFEROMETER ^ «qKJ JuIjJDI uUU - 1 

jUJ a t IjlX jv?h\ll JJU « Ay t (6-1) JXiJI ^ U£ f^jAi >ill ^JL 

. Lx ^AoJI JJLl X ^laxll — ^ Aifl-w II ^Ll&JI :<oiloJ1 iiMjJI ^XlLzJI AjJaJ 



jl J^IJI La-A 1 o A fll AJJ (D), (A) CajI^jo Lh* ci^laJd) UUUa jl $ ^ <jjSjjj 

<(6-2) J^iJI ^ US .^laiC (B), (C) jbl^11 Uu , t u^q ^UJI 

(A) aIjJU ^1 ^ ^ ill ^-a J^a ^LU» Ji^rkt <*h II ^lx II ty i*r* t-.a - ‘j l a,.WXj 

(B) , (C) Cjyljll ^1 jlxlsUJI (jAiSagofi (D) aIj-II ^1 ^ajJI y* jkl *'y^ y* ^Ll*Ii Jj-eij y 

y^yS < 00-4 ^Jx ^AoJI AjJ_i*A <jl J_JI t,jjS < Jill (JaSjLJLI P^uoJI I JJb ^ J fl 

US <*L <no « JI JlaI JSxil ^Jx ^kVl 4 * ‘ 4 aIU^ tjl JJfcl JSjJu ^_1x 4 jjJi < n uJjjl J 

4 .Atij 4 a lUti ^jljjfcVI pUi_a.I j^.Mo *Ujj>ij (A,D) ^jlaljll < (6-3) JS^iill 

Cjy <U»U1I iiLJLI <kaJll A j-A JoX .jh^all S j^ aa ^Jfcj *■ 4 US 

Uaixj (S) jSUj ». tj^ftl l ^^Ix (A, D) Cry I jll 
-^-= v-jill ^,i^ji >uI 

J 
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(jjmK it ibJi (6 - 2) J&biJI 


”*JI 6j_ijiUlj <JL^o^L 11 ^>11 < k AAill jlL-flVl ( j4jLl^J <LL>JI 6 jjb jkj^ \ I IUJ 

iSjl ut Jl ^ll^j l alu i Lo ja (20) J! ^ (D,A) (jOljJll (2 a-» 4-fll * an uoa 

qjIj-Ijj Jj-SVI oLI-d (D,A) CjyljJll Caj liLuJ.1 J Jl jj i II ol j 

.0.042" Jl 0.034" cju ^,IJI r ^ill >5 


jjjxlii - a ^.j ^yu 4in 3u...ij. a^ui ~*n ^j^a ji4j (6-3) jSrfJuji 
^U1 ^jVl j-aj (jl LiLx^l i Lunar Occulation ^AauJI ■ qji . II <U< *»l^ — c-» 

la l ill ^aIII ■ Q 4 * & a 1 j~A-fi ^JaJ ^ jJl (j-uLio-fl t»Lft alJI ^_fl La ^ 

^jij-LaJI ^a- vill JlaJI jIajI JLaj , Kll Li^iikII J» j-aaJI <A >j < LJ£ 

V AauSj La Lojir. 4 t Aj . <K II LljLlxJI <JL^. Sj^UaJI V1 v **J 

<tSJI Jjaj 6jl J-A > iuii^JI ^lll * LfljJUJJ «6JJ "k a < UAj 6 J-L 

■ <i^ll ^aoJI jla2 jLkj) vJjjqUkl 

LliliL JLiill fJL Speckle Interferometry ^a-JI J^ljlll 
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- JIja l^JLA 66jtj I nil ^j-oj ^jJ-» sl> t ^ t <^^k \11 6J >J f. 

100 

.4jUj^iuJI 6,1 a ^jA ^IclS ui 4oA I 4«i M ot-^. 4 >« ALj ^jLoj ^ ii*t^ <4 juI!lJ1 

■ ^^>11 qJoxu Sjl^a. <^.jJ 4-fljAAt ?jft'^*>ll <^jlj L ^lll (jjO |>^h jJI jfc'Vk (^AjAJ — J 

L = cT 4 .4 n R 2 


Stellar Masses 3 aa^JI JjSJI 6 : 5 


4 h ^ <JVjj ^xiLajj 60M o ^Jl 0.05 M o ££j < l lAtl I ^ I \ ^ Cj jLflJu 

UjL=>J j^Aj Jj < j_j^L^J 1 CxfljJl jk^k JI <bS jLauY 6 j-uiLxj0 <LAjj]q Yj I^na 4 ?>H 

4l Ji^ll jjJc iJlill J-LS Jj jli aa*iU 4_ujJJ <JjLkUI ilU> ^JLfl <6 ^-JjLla j_lC ^jicu 

:<Jtll 

(m, + m 2 ) _aL 


<Jjl£ <JVja Jjl Mill <Jj^JI j£j-a Jja. ^ua^jJI <Jl£ ITI 2 > m j Jjj 

(a) t cj!I jlfcJL) J^IlUI <tv^)l j & j *o J>^ C/ >11 Sjjj , 2 )V) (p) j (jitAiiill 

< jlj-ftjl <1 j^ . iLhaIj (<a11a 1I 6 (j* aaIII (j^j <ii ^ ill I JftAitjlfl 

Jji * ^Ufl jl , y -Q <ia£ ^l£YI ^ ~j - fc » *■ Ai 4 fllUM ^j]| <-j-wljJ 

i jAj i *A»1 <4 1 «nil J k £-la2 ^j jl J_a ^-8 4±£ JiYl ^aJI ^ " j l a\ j t <4 1 < nil 

.^A^k\ll ^jJj£ \j £.j 4juua 11I jj-lt Jjutfxaj LjJI ^Infill • aj £/U WdJ IjjjQjJLjo 


m j ^2 

m 2 a] 


. la^lo JS 4-K JbJaJ aj (j-G-fljL-uJI l/oJjLlLI 

Stellar Rotation 3 *a^\ii 3 lu \jjoJI j^JI 6: 6 

^Jc <laAi 4-Cj-AAi ( J-4-<aj 6Jjl_JI l ^ ^ ill j^loJUo 

4» I ^Jl |kU <i jj-o auAj <UUI 6 jjjJI " l ***l^ *Vf^lO o* J5l jj-ll I 4 aJeu^i 

cjjLL La ^Jl l| akm ^-Lt La <laU jj| J <C^lu Ju*oj 4i^l ajJI ^ ^\ 11 <JL^ <J_uLuu1 

.(6-4) iJ SaS JI LaS (^yajj ***jj Jj~ iialUl djjjJI (jjiunlj tthj /450 
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JaaJI j-L-uil Lr U. (6 - 4) J£±UI 

<% ft JrJI JpjJn>-^il ^juLaJI J^UujVI ^jLj^S 3d^° ^ uLxJ^ <-Cj^uw (jjuUfl 

^r^-ill jjljjJ *Lu1j <<jIjjJ n ^Jfi. ^a fc &UjL La ^-v > ^Jl ^lall till ftilfl 
Ja^ln^ ,j1 tilJj ^ ilJJ < U- I JJLlxdt (Jj ^ j-UVI w Ualll <j1 ^-fl < Lj^ ^ \ Lfl aJu 4 ft > 

Red Shift j ^ » UI » ^1 joj i Lie jauJll v L«^lll olj.ill ^>e <^UI ^Vl 
g> UI Ua • 'j " ft tl j_^VI c-LuttjJI oljj ^j-o UJiLJI ^LufikJLaVI Je^lo^ Lol^ 

4 i o >Ull jpjk^JI ^Ll-lljI ‘4^ i u jtj^ I j ^ ij j jjjC * t"*> uUjj Blue Shift ^g j j VI 

111 Jj ^ >dl <i ftkln 11 II Uuj! oL-L 5 JjLi JJiJ i^A-lJI (jljjJ £_« Lj Jo ^ajJl 

<j1 ^1967 ^Lc cjjijj Ji—o »I aLl U Ca-^ -LaJj < Ujjl ^ * JL^* oLcj^u 

. jaslJI C^ajSj UK do-*] UjjU^ jjJU ^liftiTill < 4 _>Uull jk^alJI 

^AAill j^kuJJ Ji-uj -ji jJjui jJj-lA JrdfiAQ 6 :7 

Hertz Sprung - Russel Diagram 


j^kAl 1 Jlkll jj-Lll O^LaJI <L^uljjj ^ 1 908 jklc ^jj t Adi 1 ft II 

odaUJI ji^^lll Sjo-K 4_lit <luj * ilall < ftiidTj ^U>l j» lll) 
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utj % \ t ^ 1913 jkJLaJI Lo£ idL-ujU 5 JjJa* ^jiLa *7ill ^ja 

^aajIj^j i+jJ uaiA 4 aA (2/lC IajIaj Lajuij \ Afrlo JS ^ *Aj uiA <£Loa 

.(6 -5) JSLutJI Jt <xJ* 



jLlaiaII ^1x1 ^jA jlu fjlxll < *k J^lo ^jic. fy ^vll ^IqJLjQ * y* j fllrVt ^ jJI 

Main Sequence Stars I j_»Lil]l a jjb ui^uj (j^o_JI ^jjl ^Jl JSLjuJI 

JJC ^Jajj « If 1 a Lumij ^ i ioI^II £jlHll ^Jl Lajj^ a ^y ^ 90% ^j£1 

(jl ^lc Jjj Lcua L^IajIj^jj <4aa tola LfAjljJA, I Jjzh. <jlaxA 1I ^aoll ^j-o JaIa 


6Jla Red Giant Stars 11 <aJLojlJI ^y^-* ^**>1* s— s^ajj <jjj^ i|Aiuu 

Supergiant Stars <5 ^LajlII tp\* a j » I j^. 6jn^ ^aaII 

<4_a1L_£ L^_»jI^_^. 4-^ySj ^y auJI ^ja 4 a A H R A j * m tV) ^li xalJI 


JjLIjJI Ja 1 ^ 

frl 4^-A-jJI (Jj-ftVl ^ AJJ JU_J 

<JA 10% ^j-0 J3l If Unil jJ^UJ ^j^ jJI frl 


3*J 6JLA J)Li JJjJj ^< 1 k 1 fl 1 f A AjIj^J 
JjL * i Lu^jj ^ o A 7" ^ Q ‘^ 1 j^II 

J l+il fLj White Dwarf Stars 


.<_U_pLll ^rfcA.11 Ijr^l 
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jJLla Jjlj LjjIj t ti r L ujJ J l^Ji Cuiu) |k> aJ»JI JoJLaJLI lift iA 

yl loll l i <y Jjaj I flVi j >~> i*t ^jun itill (jlj ^j_aJJI < ft jjj 

4,lxuLii jjU djjjJ 4 Ji^ ■ uaa ^hli >^JI yLu II 4lmli II ^_Lc Jl £-fi^_a JJ AJ UJ ^ i n UjJI 
I ja j JoSiJI ^y> Lla-jj jj 1 <uaj il*nlm VI La ^ujajjJI ^jLuJI 

4j5}Lc V T^J ‘tall ^ U* nil LLfJI Ja£ Ic^JqaaiJ <tS JflVl AAtall l jU II 4 jI$Jl 1I ^_fl 

^aJlII j» i nljJ aljjl ^LaiaJI LfftiloSI < l^lul j^ ij ^ am/ijJI j-jLuJI <Jj£ (j*j Jajjj i4aJj 1 
^_fl La£ (3.5) ^jai^LI 4cj-dj^ 4 i a \ 11 <t7\ll ^a LiJ jb i\ aaIII 4-ul j^ lil 4ojtUI 

:<JUI 4ajjjHJI <iV-*JI 

L = M 3 5 


Cjl *UkJI djjl I_^Ll- J_5 (H-R) U-^l l <*^1 ^l^Vl j\ < , -> nj 

6jIj_aJI <_a.j J : L^-la 6 J*JXr J_al^£. ^-lc Jl aI JU La ^all OJjjII ^ ft i-UII JalJI aA 1 
* jLiJI Jai ^_lx. Lft jj Jj J a*t ju ^jJlj ^jUJI 4_flV-C. oljjJI 4-iliSj ^ajJJ <oaJaaiJI 

gTuI Ail I jUjlJj (oljUU (jJjLaaSUI ‘ £\J*) AJj-9^>ll oljLiU » JI Lii.j^-o j 

^_lc Lflilll jlaj (w) JaaJI dl a i u Jla ^ftjJaJI Jfiklil 4jn"»Ll ^1 SXa» (jLj »lal* II 
JLlJ^ 4 AjLo]I <Jjlxil jjL (_£jLa-iUI oLL^jaJI l^J ^^jlII W = W (L, T, M, U) 

=w (L, T, M) 

aJjIaJL) ^Lfl < ^ *liJJjJI J-JLilli La 4 jV-JU Lflul j^ j Jmjjj LajjaJi Li^xlcl Ij^j 

w = w (L,T) ^1 Jig <1»LJI 

Jj^Ij JJU 6jlj^JI 4 pA.jJ £jLj 3 JJ-A.J UA.all ( ^ > klll jJjAjJI <JjLxil 6 jjftj 

l aili .^jLcljUI - ^IaaJI l Lajj <tUI Lfl ^jj iSLl (jl Laj^Ji Jlaj ^aJIj 

Lag II Jj^JI ^-a <2 Mju 4jjI J^lll 1 Q\ fl Jajji^j V CjVLaJI ^jjSju (H~R) lnln-k a Jlaj 

JjlC jljaiII ^jLj p-LaJjlII (j\jj ^ .<a^ a <ajLlaj£JI l-u/CI^aJI ^jj_kJ1 l^jj ^jJI jlljj 

oV-aJI Jaoj ^j\ (^xXj «All J^a jLS jll jJj I ^ " **l j^ j ^Jl \ ^ h^" <juxe 6jlj^ J 

.^jLijJI (H-R) LU^a (^uaA ^jjJJU (L t T) 


3gj|j^jJI (JQ^gV (M - K) Inh^rt 6-8 


c. -La a j a j., jl jLajL (Morgan and Keenan) jliijlcj>a jUlsdl 
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<-u>ilt JjVl 5j fl aa]I a \ 1 ,\ i *y t u t *4 j ft ^ ill kUIoSU 6iil itill ^jLa^JI 

l+l <La£.jA ^jLi^il ^1 ifiL-oVL nj till <^l 4*i * <i Cuj ^u-^. i^jiio itill 

A ^iln II kluaJI Jwo ^J^II jJkil jJ-AJI) jjdJU ^A JrJri^ n JjlCj (a) jl (b) JjJjJL 

. (6 “ 6) 4 till ^A US 4_iln\ el^A.lS uill^Vl 6JJfe lrfc"j 

L/Le M 0 

- 10 

-5 

Mo 

5 

10 

BO AO FO GO KO MO 



4x4+jJ| 4jjt J ^jj) <»JUu-ol Jl«J (6 - 6) JZJJt 


UjlaA 1 ° 1 - ^1 ^dUiAJj (G2V) ^Ajall » AIaaJI ^y> *■ *jJl j d 1^~ 4 _lAj 

^A <<CLoVI G2 4 l a ^Ull A^Zji\ <(I V s ili^ll ^Jl I v Ak^JI) AaJLoJlII JaI 

Antonia Maury ^j+ q Lu^lj! JlUl »U1> 11 jSU jaJj «(M5V) jjU^jj (A3V) 

(JSaU 4< fth a LflUlol ^jjlll J^oLaJkl ^yaA j l+l <_£^La-C (jl JjLajU Ji ^A 

£-jUjJI jASI IjLa. ^jj Sj l+l A Jftll kaJI dU m <jLi OJ+j uUA <^jaa 

t-Uill ^{y* jlSl tftjLa. 4 i ft J, In l+l ^IJ! aaJI J)Li £jJ jui-U Jjjjft jSI LaS 

6JiA * 4j fljJr> <-ljjJa ^4 i , Jt ll 5j|j_aJ| <a.jj ^1^ 4 t a J^ll <jujJI ^A l+l 6jlalill - ■» 

^A J+SVI ^5VI ^iiiii ^k ^+ aJI JaA i^xllj 4_ujUaJI 4 U ^j <_ul j + J| (jjSj 

b, ab, a j-jIhJ! J 3 I 0 ^^k <±>\ j » iJI * A ^\ll jjjaJ 


:^+fl Ux^iAjjJI 1—flUuaVl U1 

^b’ ^ab’ ^JUuaVI l+L* Ja^Ua, J^aII ^auJI ^^k jllajj (I) 

11^, n ab , II a 4jC^ aJI *wflUuoVl 1 +jjo iajjj <aLUJ1 <a 3 UaJI ^aall j ^k JjjllVtj (II) 
m b , < +fcj,iil uilAi^Vl l+La v j <Ja 4 jj)jil <J)i axil ^ ^\ll ^k, ^llajj (III) 

ni a b, m a 
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IV b , IV ab , IV a <AC. jil! cjlli-oVI Lfjrf <5 ^LaJI lr.jkjui JSVI (IV) 

■ V b , V ab , V a I+Ia ( ^-i-u t iJjJI J-tLUJI f>a*j J^lc. Jilajj (V) 

. ^-LiiAjjJI gjIjuJI (j-o Ujki-o J3VI f>a^l (VI) 

v ~ ^ill j^Ialll i % in J^Llil H - R CiUftlaAi * JaJLU 


^jjjjL-uJI J<^a]| 3 Hi*il 


.Sjlj^. 4-a^jJ ij£jju \Q "uU i jj I^j jiftJ j^JI JJ£. — 1 

. ill ^jLlJI A I jLa ^jC. — 2 

^jLl_lJI Jaiw {y> J *j-^JI (jT® *-*-*l>^ fj >'»l l <_>-=> IUL>^ _ 3 

LT^jJ' 

.jkj^lll JjS ojUill (^j-o Lo — 4 
^auJI <b-S tj £.i <_£^Lc. JliA |\j aall <ojIj^ ojliall ^J-a La — 5 

.gptuii^JI £_>tnll 

^ ** ^ (1000) JjUu O-ijljjj "»dr Ijl ^ i *> ajj £_>Lu <Ji£ u,i i u "kI — 6 

. jjyUA *ijl 

Si jlij S<_u-uL-uVl <j*0AtjJI tfjl ^AiUJjll JaUJI La — 7 

Ll*^ ^jJI ^ jaII ^-lc dJj j-uG Laj La Jj ^ ^ JLv^ ^a 111 ^4-uljjjJI) <£ j^JI — 8 

. I j 1A 

■ ^LaI (J\-LXJ \ (jlLwdj * g^a!u ^jJI , j ^ loJI ^Sjl — 9 

6^>laJ lLa) JjI LaS «jA.1 SjIjA ia.jJ d - ® ^^J- 0 £Jj1 ^£1 <jjl— 10 

St a| j*>ul j^ j (ju /) ) l5 . ijfiZ^yu ^Vl ^ajJI _jlaJ v. ^a 
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gjLJIJidiM 

2LajLIu1I 

Double and Variable Stars 

*ufAj 7 :1 

A U Jl o 4_oJal1 »t <Afc1 jl <A^jj-o jl ^jlji Lol ^j £JI ^aJlII J»a^j 

<jl t^/cu Lo IjAA$j .4^ aaaII v t al H t jjuA J-j £jja yilI i_iVI 

(_£J-Aj L *^r> *-J £_o 6aA JajjjJj 4_ull!i VI ^-A Lo A Jj, fllo LJ j^Joj ^lll ^j jy\W 

J&sLa! 4 i a y \ 11 Cj it^o ah 11 A j-A (jLfl 6j i^iJaJI (£yA ilulS IjLfi itljl till Lu^jj >‘> 11 u JyJI 
. j-o LflU iuljlll AJLlx .jho lIuI^ IjJ LoIj |LoajJI JtI^jVI) Jlo lIuL J£uSj ^Je 

(Binary Stars) iaiajYI 7 :2 

(Visual Binary) jjLIaJI 3 j^aJI 2 Wii 7 :2 :1 

JjllftiUjjj Jjl aaJII <i^JI ^Ufliil * I a |la JS jjJb juaj Jj-o ^>Uol ^-A_) 

.(7 - 1) J£*iJI L£ Leo »LaiJI La^^ja. J^La <<JjL-Lo 4a1jjj^1 a^L» Leo 



J/u:JU 2 JoSJI jSjA J^a JLiUi itj-y juuJ 2i ja Jioj (7-1) JSiXJI 

iff fllo 1 2JJ ^ j l $ jlJ-* XJ JJU ( jJx. Jl <ajLuJI •> fcllj 

70,000 ^JI^A a*^ ,(7-2) J£AJI ^ L£ <JLLJ I <^>^11 oL5LUL ^a3 ^.y^hlL 

i^jjJI »tlrell ale jjl JjAb^ll l^Jlj jj lil^ 1 ,lf <iloVl (j-oj UL t^fljjJLo ^Jj^o ( ^jLj 

^jijS-i-ulj J^La Lo_^_JI jialll alt 4-uldLt <Xj ft ^ AJj^A-O (J\Jl1L ^jLjj-» uU a j ^&\ 
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dlliAj . (jJkJ! JL^-a £Aj vlJlj fAJA l | * nil LoI jjj\A j^JJll 

lJj£jlu]j J}Lk 1 jll jlkill SiC. (^JlIL l ^ \*3j Jit 6Jj ftiA j^J qj 4. 

^JL) Lfc^ki *i jA^VI ^£.Jj 6jLtj ^ln t ftJI ^aIII Jj-a 4_a^jj~A Lf-il ^ dklj In t *jjxa 
J iVI jj4j (jiljJ.1 f^kJLj) <-L^ j^VI jAj 



Uib, iilUi JIaj (7 - 2) J^LJI 
(Astrometric Binaries) 2L&iill 3 u,mUSJI iiaLaUI ^j^Ldl 7:2:2 

* a * ^jj-a ^jlX. ^ilj-o ^aj 1, | 1 a JSJ jJ kill jjAill JLlA 

La* ^J^i.1 ^AJlII <jj| jJI J^U (J^Lk ^jpA 6 J^ShJ J,.U !■***» uiia i<jIjlL O^kzw 

Sirius A (1 L:LaJI c5> x^I) c^La-II vJJj ^ <£uVI ^>j (7 - 3) JiAll ^ 

J^y^j uu<u jJalk pj a" ^ A ^£. Jak lf_il Ji mi ^jLLVI ^JlaJI v kt2u^l 

<OLaJL Cxfll kJI <J_*IjJLI ^kill i aL aai" ^L ^SLjj-aVI ^JLaJI n dl^j V 3^1 J-A 

<JaAj vli * A 30 4 muti jLl jau(^ ■_ jj^ uJj SiriUS B CiiL ill 

.^jkul Jaj Lai uVO J-IoLluJI ^aIII ^jjJL 'j .All \ya A.Aix a 



j»lt UU tailuJI i n II ^lajU (7 - 3) J£*i 


202 





(Spectroscopic) a .«i .un ay.r.ni 7:2:3 

* * 

{ ji\ Lu4 1 IIh l uU i^Jl <j*o <jU I ft >ni t t>“ ^ (J t-AJj-fl Jjj a y\W ^jjSkJ Lftjifc 

^jl I jjj (jJjJ J ^UUI ^^wlU ^ fliirJI tiiL VI <j£ \ni ttu ^ ft^kt 

jjlj dj" Mill <tSJI (SS *^ jl J-* (jlI a ‘ilj <Jt£JL JjL^l in u fj^A -y.'iW 

LJj ft f Jjl a AAII Jj ~k ~t t 1 Ajtf j (7-4 ) J£Ll£JI ^_fl I LaA jIjJ i n ft jj Sj j^ajVI 
i-»jLJ ja! aI Jfl^JaA ^ SLa £_jLJI k fljJoJI ^jj Sa J ^ijVI Jj-o LjjjjJI lrk~k ^Jl 4 t * ntILi 

J"I^aj aL=kjL LaAJaI JjaIj 1 a ,litj ^aIuia UuJa ^lc <j£^o tl^jLt^_fl <jjIj 

^Ij^li (j-ojVI ^ J-Xa j lj ^aVI jX^jJI <jjSL 4 < u* fl > ^5jJI ,j-/) Vl (Jl>JJI <-4j1o 

^ Kll t flJrill Jajlx-kJI LI <ja^VI ^ fr ill J-=>^ <iAilttll aJo^fria^k. 

. JjiA ( ^yo 6 J^j*o 4 jlAi1sJI -lojJaidl j^-laj-9 £y* Lj^JI Jn^k ^lc. Lj J_^aC Jjl aviII 


Sj-a uLoua. ^LjJo-o ^jLu f > il l d' " c£jjdl jrljJjVI JjJ li^Aj 

Lf-j-i ^y-^ll odLI Jjki a3 <Lb4Uj|^j djJLJJll <Jj£JI j-ij-a Jlh^ <l*Lill Sjj jJI 

^JoLcu <jLo JS ^-o <jl ^j£. 4 jSLIaII CjL*-uIj jJI Jjjj Lfa i Sa,jjZ ^jJI S jllj Jo^laikJI 

jjja <_jj_a_IL <lcVI LLlj A j k jJJLI ^ajS 4 t qI ik« <L_ljLu ajS L^Ljo *ii f. j ^Jftj 

j^laj <jSJ . I Jjft \ ft La. <jjLlII I_i5ljil yi J Q (<jj£-Vlj jLdl) < II Lai II 

.^iLklL LuLl 


(•) A 


(b) 


(c) B 


(4 



A t 




■ t 



★ ★ 




★ * 

B 


I • 


A 


i A 





★—* 

i 


1 

♦ 



i 

l 


l 

T 

To obMrvtr 


To oboorvr 


To obootvor 


To oboorvor 


a^umi a^LOit (7-4) 

Eclipsing Binaries 3-kijiiiSll UQUI 7:2:4 

Jjjii ^jl djljJLLI <Jjl£JI J>^ a aj LLx^.1 6 jaj a 2 

JXJ^J dJ j v -^j l A Uftj jl <JS 4 «j^VI jkLol IaAX^I ja . 1 ji jS I ft ^ 1 j ft 

.(7-5 ) L«S ^j-ajJI £-a <ajLlJI <t^aall 
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a Jl JjAfc** jli in LaAJjJ jLtaj J>a <jjLl» <XjAai a J*S i 7>ll Jj. 

(1) ^ i-Ajll jjj! II ill J| ja. jjA wJI ‘ill jj Jb j <£ja^JI J-lU ja.VIj 

j-aj 1 * t'ifj . l$J J i til <Xj a -y 11 j £j j ^o!a£. LL^J (_£ jJI ^ i d~* 11 JjLfl 

<XA$ IjAJ <^UA JjJI t u^ll Ijju (2) A ^J 1 l A <: J^ikdI ^ aJI ^Lol Jj i 4rf^ll ^ -%‘ill 

JJjjj <-j^jli k l*t\ <_jL$_j jcj-4-oj Jjl ( JI l_i Jjl .^iVilL ^jVl Jl ^jJI »j < All 
4 Ojljjlj *Jl? 4 1^1 Jl J ill jLc (3) j . ^ ftl-JI ‘ «j-<11 

■ JjVI Jl OJU J Jl Wdj^ <»J *i-L>U 



TV*. 




a iaj, ,.<ll 3 jjLlUI ^J7 * 11 jiAXfl (7-5) J^JJI 

(4) £_aJI jl*> o^UJI ^uUI i* ^ *»H JJ*. <jljjj jJ jj« «rf-ill >11 ja \ au±j 

\J • ^II 4 1 ^JjJI v_Ajjuj^J1 >■ la CijliJI j^SJI ^ ^ ’«II ■ AIa LqLqj jjJLk^aJI ^aail 

. I a tl i ii JjL^ *^ajI JjJLj l A i X ■ (41 i-mlj 4 _>L$_j) Jj^aj La ^Jjl ^a^yLl 4 L^il Jl 

6jIoa ^Jl j/y»J»JI Jj-a 4x.^_i-uj a Jill ^aA LaA jJaLc ( j£. lJjjiX II Zjua cAAjjj j 

LuSi AJ JgaAj. jlJI (j\jLa <i-> l ^ a! a J,L£ I jl A -V 'ill (jrSj i*i JLajj 

l A, AJ A. I 4_C^j_i-LJ ‘ Aj-iA^Jl JjAj UJAO jIa *1 * jj jj (j^A-jJI JjA JS J&A jLajI 

4 nu'ilL* 

Optical Binaries Ja&aJI l^AUaJI 3 >MVMi 7 :2 :5 

jjt Jij SLt Jjl ‘ 0 K — 4j>jLL2a <oj^a CjLuLu JSLlL j Jc LL-^I ^‘vll jj&j jJaj 
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lull {jA J jJ * II ^Vl UjjJ J L*r\ ft> AJX.I il ft < flj ft -kll l *XJj I J^lj J JoA. 

.(6-3) J^LuuJI L£ <|AiA^ll iujil oLuLjjJI^ illjlitin ^Uaj l^juaj Yj A^jj < All 



♦ 

+ * * * 

Line of sight ^ 

from earth * a * 

* ** * 

* ^ 



3 jjjfcLlaJ| h\\\\\\ ^ VJI £uAjj (7- 6 ) J^iill 


(Vriable Stars) **LAYI SjaxUI 7 :3 


i^JalLo J^Liu idO 4 a ifl ^Jl ^jalaC <Lo^fl ^jA l^c.jkxu jiiL ^\ ^Aj 

(^oLjj il l ^TWfc> jl Jjj tlui -k ^k^lll ^cIqjlaJ (jA till j-A cllj ■ ■* "»H UJ^I La-»jJ 

| jl jjYI f Je Lr ^^JI £jix<-J1 ^ jaAj Al£. £JLU Luj ^IjlJI ,^-le 

^ Lo£ (jTjLkJI j_A») J^zwL-uJI jliJI Jai < Aj (jAljJI **) ■ ijUllI ^>e ^1\11 La *All 

»LiA ill ^Jl A lh^ Uj)-^ Jjlai L " A f^lll jAlj oljl ^ a ’*l AJ J-5j i (7 - 7)J<.T,11 
tJ^LA ^ 1908 ftLc Cm ft I 1 ~^j kA A m Ail Jl -.a ^1 AfiJj (l a* '<11 j Lfi^jJI) ^ckjLAJI 

frUxJI <JU»ljJI) <XLL3|J djiaJllJI ^jJI <±&\ jLjj jiJI j^j-caJl >1 IflA-uljJ 

oLji ft i fllL ^j-^kill djjft Cm tJ ^-a. ill jAii L... LjjJ Ij_j-Jlj cJLufc II 

.La-All a-u^xAJI cjIjjjJI < 1-0 jI ^uLAj qj (Cepheids) 



© (^“) @ o Q (^) © 


i^U^yi jii'u c.jU...n (7 - 7) J&ju 
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< lAjlrJI a*L^VI [ j\ tTt jfc «—iVl Ajiti f, <j-o jJiS) L^-Lo 

:<JllJI uilju^VI Ajjilll ^^k ill Juktiuj ^ojJI £—q ij n % V11 
Cepheids Type I Stars JJj\ £jJdl j* 7:3:1 

^>Ai Aji JjJLAJ ^jjftllaJI 4X-^lrn.u jl Jjj £,t ia ^^ujl 9 > 9 (5 ) ^^>11 t| ilf. <TlaVI ^ja 

JJj jkU 4 a * At I j n't i m j5 ^jJlj p^lajJI Jjt 4-Cjln i n J^,Lj oLc-L-u 

^j- 0 4jJaLutj <i^Lo_C. I^aIsJLaj 4.3 ^Jl 3.5 jjno ^jjlllaJI LbjJJ jjjGjj *tn 

^Aj La ^xAaj ^1 6 ^)^ all l^-jLt Ciijji ft iill 4-uj < A 11 AjjjJI aJ-a k—F,G < ^ft jirxJ I 4—ujJI 
1 .5 £yU La JjVI £^ill ^jA CjLjl ftjftll xAJI A Jjj\ A J-a (^uIIHa ^ aJt>C. 1 ^AC^in *u 

.(7-8 ) Jiill LaS Uj, 40 Jl rJ , 



0>VI £.jill 


|n.>L 

< 


(>• ^LLiiJI 


JL^VI (j* (6 ) jk^jJ ^AAi* (7-8) J&kU 

Cepheids Type II Stars. ^jlJUl £jlll J* ijjliiill ill 7:3:2 

4 -IL^ < 1 a Jil L 4 J ^jjbUaJI jjjSL cjLjI a t all ^Ja £^jJI Lla 

JM-Jk Jaj ty-A. .y j jJ—5 (1.5) 

(W- 

a ^ jJaLuJI V <j! LJ i Aij Virginis) 

'X A j I <i-* CliLzJI frj-aJI Vj ^ I ^ kill (J-o 

\>j ! \y ! LfjUji^ 

- 1 -j ■ 1 pERI0 Ujj 25 ^1 10 Cju L. 

M—17 Days—►! (7-9) JS-tll ^4 L£ 


PERIOI 


W ^ -y il »jiait gu^j (7-9) J*-- 11 
^UJI fc>UI 
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UA^I Jlkil ^ a y\W LAjA^J I All LfrS jj J 6 «1 a <5^Lc CjLjIaaa]I Ijjfe 

^jj i All jjJI (jVjJI ftt Lfl ^jJI cjLjI Lall a ^ jjij cn ft I Lu^Ia <1^LJI cift 
LfJ <Jj>la <fjjA (jLojI L$J ^iJI CjLj I <ki ll\ (jlj <3^°^ jAIII c* 1 *^ UL^f 

6jj mi Cuj 1 All LfjUjl ^aJI CjLjI ft j fill dUfcj <(< nj fill 4 -jJLc.) 4 filUo <maj jl J-fil 

.(10 - 3) JLiJI ^ L£ (wll Sj^) iilkll <^ y \W UjIaSI ^ 



uUai 1 1 6J^JUlII jlsul <fijjjo jL^jl u)Ljlfljfill <^laj|L-u AaJj 

3 ^^ I LAjA5 vJ^C I jl til jLul uLmaJ 4jJllll ^Aa 

Log r = -^ (m - M) + 1 


^Jaxll 4 A+ill A-kLi ^ 11 (m) (^jJfcUaJI <y jJI jA-DI up» 

1 Al l (^jjaJI (M) 3^1 { j A V 1 " jAiJI aa-^j ^5 < tsj * 

jA-aJL» 45jJaJI t^ojJI £ Q-UOJJ (^jll ^liLxlll gjJ lr **a ^ ^i-ullil a W ill ^1 

.<itLaJll Cilj-aJLI OAaJjJ Ltujl ijjljuiJI jLa-il JA^kVt Ia^-jj < 3 ^^ ^A^jJI 


(R.R LyRae Variables) (UULmJI) (Jjdj.j 7:3:3 


3»j J>lal < I 

4 Id ^'Vi JjI v LhiuSI 


<dAJ J U»-J> M <JjLk^ill fj^ill 
-!_>•>■ <X.Lu 1.5 L»jj-oJlj <tLu» 29 I 4 J <6J t J 
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^aj flVI CMi ^1 LJL* l^la <4 i a i II jiiLaJl ^_fl ^Ji <6 j-jUI £Tj-> 
A,F ^ iTL fl 4 jjl1qJI l^_flLu-ol Lolj (jiw> itill t^yC. \ Ax t A i 1 ^ "n >1 j» -> Jjjjj 

.ittUJI 

g-Jal - ‘J dUdJj «(M= + 0.6) l ft llrva l j o %'t IjjJa vdtLaj 1 | !■>„ a y <j1 » L a l a .ll dJ&Jj 

M,m. <J£ (J4 jL^2 jjlj <5uLJI <5^L*J! ^1 jal*uL li jju jjj^fLLaJI 

^ic. £-Aj L^_il ^ifi, Cilj ^hll < iAAjJI dj aLIjlJI lILIj Jjlj IjJd-^ dl 6 

. ^Lijl ftkftJI Jla lla d» ill ijuAj 
Mira Variable Stars Ijdtl f7:3:4 

^ CjI j M £^y*JI j_j-o ifrlj ark,II <a!I a a.ll II a^LuoVI Sjj* *ill ill 6 j-A ^ln* a 

jjLojl LflJj 6^)iU jlua Cx-W !*■<"> 1^ y Vt^JJ Vt ih^ LaJ^5j ^lUn < nl <^jLfi <JjL| 

jJttcVl £jla-fcjJI jit ^jjlllaJI fcjdJ CxJ^ j ^ y 4 100 ^JL^I 

<j jjJ Ja^i>Loj < (+9) ^jVI £>~JI ^ ^4lkJI 6 ja5 (5-D 

.(7-11) JS-lUI ^ L«S Ljj 330 



IIjjlXI jajVll (jdAdd (7-11) JSlJtl 

10 tjla* ■■ <jdl^a ^Jjjo ^C. Lai 6j^Alil JV w . .S I Lj^qj <j] j£dj dj Vj 

1 a" 11^ Jdalll ^jjQj 4 iAjUl Ja^la^JI oL^Jjl jl jua 6j J*~J 

|i V> II ^Jojujj d ipljJI CA^ < }} * « > H <X^< i Jl jji n uii "k i(jJLjd 6 j-ALL) I fc^lojuu ^_S 
.^LuJI (H-R) 1^1^ a a 6joilll ja^'vill 6dJb £-S_j*o (7-1 2) J^uJI 
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^_»LuJI (H - R) SaiaAM { ^l£. fjitHl f jajJI (7- 1 2) JS*L 


£_>LuJI JusiJI ailuil 

SCjLuLjjJI JjA ljtj^£, £jC. <jjUJLl 4 jjLjjJI J)_LAJ S_fl ^ — 1 

SoljjLuJI ^4 La^C ^jC- i if\ 11 <juLll 1I jJLAJ S — 2 

S<i^UII <^LiJI iiSUUI ill j5TqJI j^ai JuS — 3 

SSjaajJLI jLLUl ^^7" T> JVjIj-uVI jjSjoj s ig — 4 

Ajl \A La v <vV (Sjj^ * nil <KJI Lq^Jla <J£ jjJj ^jIa •v.j — S 

VLa^Jla <££ ,\^k fl JjLujl.1 iua 1 fl0 C \lVC ^jIc.1 i<i*\ 1 fl 6(2) lAfl joj JAjJI I jLfl 

6^-JlLo II ^_fl ^ijjLiiil J$i.a > jilL ^ jJI U - 6 

L$-jLo^1 OjLa^aJI ^jJblLaJI jAaJI jilL Jb£ — 7 
<<2 a£j (27.78) ajJL l a^j i Lm£a (10) La <jjI jII <ccjjLS IjI — 8 

Sj^VI jk_=fcjJI jlaj 

J^jlj ^jl A Ac. ■,taj IjLfci < ^j jaUoJI a^aj ox^i IjjAa 1 a ^ > oj-aL^ clL>! ^j^ajJLal — 9 

Sjlkll 6jJA j J^lJ 

9 4 4 1a^v til oLuliJI jp *^|a — 10 

i£l&U <jjLajla!I ^J111 <iAJhl ^Jk La — 1 1 
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J jusuaXS 

Star Clusters and Ncbualc 

* 8 :1 


<U I uji* »l lAflll £JJ JM <iLl^ <j_fl jl£jj Sj_aJJ j*o (jtn *> 

JjJaJ! jl jxXjJI ^^Ixj (^gj^Jrk'ifl Ull) <AJ^-i-o pljkxxi £_>jl 4 q ! ina Lx Ja_u LlJI ^ 

6jj*Jkl g- Lrd (jrfkaUi <jl VI (j\J <-oLj Sjjlla dlj^Tt Lj j ^ a j*o 

<ja jVCjJI ^_lxj . JjjVn 1L ^^X Jj OjQ^J 4XJJO-O 6jJj-OJ LbjjX £-a <1 ajIj1LI ^j ^ \ 11 j-a j JJ^ll 

* * * 

J * lj^ LuuLut La jSkjoJJI (jo . ll a! I pl.i A ft II jLfl < Liiiij jJkTk.^JI 6 jJLlZ I 

aS\~\ a I JaJO / Sj*i) (S ' *-* ^ ^ 4 L1 fl 4-flliS jJ jLi-Xj 4jjlx 6 jLo <J^L^ 

(j^jLaJI JLu-ujJI I JlA j^j_l> jl 1,1 l-vjj .^ojVI ^ix LlJI ^ajJI ej iAll Cuo-iajj 

l kuai SjjLifk 4-flli£ CjI j (<jjLx f_>,* u (J^ ^Jx <J>Lilli ^jjJ 6j^-a j-o ftJjJX J^lalla 

3 

. SjVjJ 4 uuila 4jlu ^ a ■ ^eu ua^ (V-/ Sjj 1000) Jl 


(Star Clusters) 3,ukVWI tuSUaJI 8-2 


hliLjjj^h j*o CojJo ^lll ^ >^i]| j*o 4 Co ^ ^ all I v^V^ll (j^ ilkJI uijJLt 

j-a (joV-a ^ >1 J_4 4-kloj 6jlj J^Ll jLiJIj jLii-JI j-a 4 »■ A <j|_^uj j-a-x-o <jjLa 

jw^\ll a! t -v ( j^oj JojtAjjJLo £_a CjLiLL Aj 1 a 4 ilajJI 5j*i ft II 6 j-A jjj *v 1 a 11 j AJJUJ qIjIlxJI 

^_fl CjjJj jl JjJjJI JjAlaJI ^xaA. jl jLlxl ( jiaj I j£jbj ^ ( _joj ^JIHLij 

jjJx £Su J^I^JI JjilxJI ^ t jl Lo£ .jaA. 1L <£l aIo L^jl ^1 6,L~vIj 4jd^J 

v aJIaj J-5 l fl ^ jj . jjj^lll 4 j 1 J-» JoX ^jLo-jSJI c-uS jlJL <£l ala ^j^jVl ^lx llo JjoJI 

. L^IjIja 4-3xjJ j tiuljjlllj ^jJfclLJI <1*1^11 Jia jajLal 

: l|Ail 6 JJjlIo ^IjjI ^Jbj 4^alcHa jjX Ljjj^o ^JS 4 AAaJfcJI J-LflUaJI 6JJI 

Open Clusters WJl jaSUxIl 8 :2 :1 


^ix >.*• iJ-"k CjjjlrkJI ^jjVl j^fc'lVLjJ 6jJ=JU ^ | *ii a a Jj-flllaJI 6 JJI j<nVu 

Sjjin9 jLaxI ol j 4JLaV l^alaJUaj ^_iV1 6 JX ^Jl 4* jy ^jljju j^o J-ilfl JJX 
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5jj_u 20 JjJl—a ^L.£j \ ^ j*l_C. Ll ^ 4jLo ^ i n’t ^Jl ( j t j \l a (j^j l i Luu 

* * «» 
iljlilil iulLJI v L* 4^Ii K*\fla LJLc tj\ ju> JfLli J-ifillaJI 6 J^J (JajjJj 4_i1j-l-c» 

* * * 

LfjU I J_^Jj I La Lcjp 6JX-t u a Lfaj ^J • (jLfl Llo LljjJ 1 <A> i JY l^la-i ^ •% vll ^]/o 

& L^ll ^-fij ftj-aJJ JaJj j\ *n~ l$ll 4X.^ a^ a\ l^Ja-il^j ^_fl JlJjJ La-ej 5 ^,^jJlLI J-lALulI I 
4 fi a I ^ • £\^ll I I jjfc l i A ^ 1 I J^Jfllc 350 I (jV I ^ * 1 aI jJ I *—flj-C jJLlj . j-a. lj 

lA-JJj (PICicicles) ^ 1 i nil CjI^^VI) Ij^jJI J^lfcfc iJj-a llij ^a ^J^lj JjaLulII 6jjfc ^j-a Sj 
.j(j_JI 4. ^jjJLII <J1 a ig.ll ^A <.\i u 410 LflLui^ ^Je *(8“1) *Ti 11 ^A 

jXAj 500 4-Lfl J J-C £±uj Sjj-rJLl LT^ 41 >ii> iJllAj 

^ J-i-ti ^_pO J i ^jXuj In *.ijJ ^A 4 -ftj) ^ * ^yia. AJJJ . c- 1 lA Hj 4 Lljj 4 L 44i i i^J 1 4^a^ i ^ 1 rkX jaj 

Jj- fli.x ^-J5k.vi JLlil J . fl "t itill Jjljlj <-Aj^_ 1JI J, 4-^fc A 4 jL$1 4_jl*jjJ JJAj J-*-o-Alj l ^«*i VI 

^l^jjJI^ jj-uj 4«iji^L-o ijujj 130 lie jjljjj . 1 j.A»l <ca£[^$ ^_a (Flyades) L ^oil5JI 

. 4, A.i> fi I J ^ ill in A. ^lc. ^Aj Lculj 4 1^> > L^J Jui V 4 A tflnJI ^Jhj 4 U, ..j ^_fi 



(^iUi) b^ui j^ait (8-1) jsjji 

500 aaj t _j-le jjUo^ a aJI ftlail ^-A Praesepe s^ikill j^Aic. ^^^1 41\ aI cJLia^ 

(M67) vj a i« 11 ^LlA<j . LaLoj ^ai 4-la ^ H j- ^ ^1 £ ’ iSS' ik i ^ 4 jj-u 

la Lai 1 i 1 . A A j a^w) 80 J^aIaJI Ij^J^ Lie 4ju^*«ri 4lu-u 2500 ftJJLJj jjlU^j-uil ^_fi 

,^lc ^j^jla 500 ^1 jJAjj ^jLlII jlLallU < u > 
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(Globular Clusters) 3Slt 11 ijjjSJI IxajLiJI xtfUuJI 8:2:2 


"k~t 2:i_L^k > (<j^jUJI Lajjj^x SjjaJkl Sljj a ja -viII ja5HjJI & jjfc 
A_>joJLI iJL^JI ^i_uLi e-fljjC hi a U * ill 6 j y II 1 «**a <^/-c.Vl 

. 6 I jjJI ^jA <-U^ *rf"t A \ * *1 s_flV 1 (10) Jj|_l 

Lijlijj IJJ-C. I G-i-u 100 LAjJoX JjJ—a (J 

^Jl JV1 6j itif (jo La LaJJX ^_fll jl.Vl ^a j!i£l 1 \\ < A o jJ-U i ^ > l^tuLajj 

l 4 K Cl K*.I*7 i JjVl 1 11 (jl j j^lflll J-Al JUj . Jj VlX (jo^Lo bji'IiC 

121 ^Vl p LqJaJI ^_fljX jJilj . *7*11 J>^ JJ-L»J CiijJI 

^a\J\ A »■ ^ pL a 1 uJI J l * n-> pj^ IJ_fr ViX 30 L^-la Ljj^ I Jj Ik 

. p1 a I 111 I ^_fl A^JJLLa 


^Lc. 1 3 ^Jl LAjaX J (jjjSuJI Aa t,\ 9 Aj^^SJI J-lsLlJlII j\lr>t aj 

jLjLjI C.mJ'V ILlaiI 6p Lu£>7/ i ill I SjlljuflJI j. j pI^ojxJ! 4-5^1 a Jl II 

* 

Jj-LiX ^Jb Lx^k a xi ftj^l -y.,a Ajjj^ J_l aLx J_lJ9 LlxJI gJlA 

Sjj-aJLI j/jJL ^U."k. i<jjjIaJ| pLtumJI ^_fl A-t^j^ ^^.9 ^ujj)U\ 9 1 fl„i ajl 

22000 "k i Jk Alllj ^juaiTill ^jC. 6il > j^J pi n < nil P^-i-oJI ^jA OLfll^ O 

LkX. ,\ l uj (NT 13) ^X.J_> ^yjil "^11 ^JJ Jj_Alx iJlj-Aj . A n jj 

O-jjjj _ ljj 100 31 j a- 0 6jia—fl Lai A-jJLa-i-LJl pLq»i-liJI ^_fl A_lj^_j-o AJi_i_u 34000 

* 

Aj_fl A_x-ol^-ta ^ til >c ^jLxJ| jlklLL 1 J-uLl » a - Sjj aJL 1 ijoiJL 4\*C A ^ 

« - . . 

1 n*\ Lljj_Aj n L_-^ 1^ A uj i>-> At* ii ^ llj| ^ ^^.Vl^5 (jo ^-LoLflJI A_fll * nil jjl ■"< i » 



JijA 3j$^ j^Llc. (8 - 4) JiJUl 
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(Young Associations of Stars) iiLJLII 3 iaViII CjIjLjJYI 8 :2 :3 


»l A -i.aJl itif JS-lIu Y B,0 ^ s _$jJI jl <L> 6Xo j-Lx » L a i*I I t-Jij-c. jaJ 

(jo j-jljJL* Ijj-t J_j^.IjJI jLajYI (_£J \ Jltj ^ . Ami Ay \ ^-U. 4-tjj-a l ^ i\ 1 j 

liL-ujL 200 ^Jl 30 jO 6jJa£ I^J_» frLhAflJI jus ji^. 6 Jj i ^ A La^j j ^Jl < i n n 

jkj-j-JL Ja^jJ ^ jL^jYI LajjJj <(^^-- > 1 £-^j-a) 

(^-L- (j£J-U_2kJj (O) £jill CjIjL^jI :CjIjL^jYI ja jlx^j jl A -y\\ Ali (Jj-O jLiJlJIj 

c5j>* (T) lSLH-^j (T) £>>JI cjLUjIj B,0 jxjJI ja 4*-«Y 

Cj Ij^O ja-aj-ij <_Lfl <_£ jJI (jo La jLi-j Ui >^j lIjJI j Laj jj^aJI <CL>.Lrh. 

i (8 - 3) J<LiJI ^_a LoS 1 ^ Lf. I j, it i ~l lV\ j*e I p'3-? h *Lajaj ‘ L|t ^ <<um ^ Lj j^Joj L^ r.^Jo.^ 


(jl ^c^JI ^ Lj) , \ i aLuJI ^_a Lo£ ^-LjjLJI I n - ^ ■»j*-a ^ ~v.-l.1I a j-A Yj 

<£jjuiJJ J-^.1^ 6 L-k/i Li l * k a -v JjA-u I fi ‘^1 (< a.i, -uLlai L^fl^AJ (jo (J»i-rf~fc a t ^jJI Cj U LlaJL I 
. pljj^JI jXJixu l Jj a JjlaLlJlJI 6 j-A J.-J j*Cj A ~JJ) JjAiC. <lla jYI l^Jus ^_fljJL»j (fcJLsJj 



(^j^iJI jJU-» (8-3 ) J2L-1I1 

aillaJL I 1 *a^\1I uSOjuLTh^R cjj^kZfl aLjIjJ ^ oi aAi Sr3 1 

: jOL-a J^LkC. pLaIjI j-a aSHJI (1 

pj--^ » * 1A-\I ft i ft II pl AjjVl (jus J^LDL < 1 a y \ 11 J_laLl*JI <-4-uIjJ jjc jj lflJI ^*1 ^ j 
^a^k tll Jj ft\» II j » SLj jl - k ^a> IfJ <_ul jJI olij^JI Ci-uljJ^ tlLljj tl^ljJI 
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Jj fl\f. La£ <jlj^_L1I < t a *^k \ 11 wUbjLxaJI 4-i-oLL <-* <Alj *t * 7i a <L^jI j 

..J l ft " 11 <Uft l 4^j*i liio <U2j ( J^0 ^jLlU 1 j \\ *Sj jJ_U uU% (8 - 4) 

^j -0 ££JUo 1 4 jjI jJI 5ij^JI Cifttj ^1 I jl Lai .(JII A * till ^j£- Jjul JJ JjjVta II ^jl ^ If Jjj La*a 

^a Lx. J-ju»I ^1) Jj W a 11 v klaa l a fllj ^.ajjl I j-A Lai l^Vt a " ^I cJL^—fl Jj A m II 

JS £-aj Vt a l l <JA LJI ^-jj-21 ^1) ^jVlj J j (Jj-ilaJI 

L^j illj^\j ^jJI ix^L ijJ ^ 6«XA 4Ixjj-u <j1 VI <J <a 1 n\IL ax JjVt* H 
l aKj ^LualilL ^jXllaJI 4, a r%, -x J_aJ 1 aK Lx Jj Vta II JjlxjI 1 aKj «»lfill ^_fl Jj Via II 

^juL-fl LAJ V-fl Lx lj^ 6tUA ill ilillall 4 ididullL Lai i6J^Alii 4^aj aj CiljL-u—a OJjLij 

^juLaX ^ a *v \ll JjXla II jl^_fll a*t I j_A £- 0 j . LAjJL-qJ ^>a111 <_l 3I jJI oL£j^*JI 

JjJUaII jJ&xII aL^jL 4-oLc <Xjax) L, yy * a lLILjI j uUA . ^4xxl a iti 11^ LjLfiJI 11 *1 f j-i-Li 

4x^-JI l a n t . 4 -uL /Jj-a (21) ^Jlj^a. 4X^1 Jbuujjxa ^LS JjflVjl U i^a^jJI 

Jj_ilxJI ^Jl Vii V f^lll IjLA Jjl JJb lo-o 4 —ljL / Jo—a (30) ^.1 -lj ^IjjjJI ^ ^1 4jjJajUI 

-jj^l 

^1,IaIi 11 I 1 ft ciLi Jjft\a 11 LajLcuj! ^jJI ^ ^Vll Jjj^I ^j^l ^juLa-o cJL-Aj 

^jLJI ^luol mJ\ Jqa kJ.aAAj ^Jx I jLlxl ^1) jjS j ^ mV I jLlLI ^ a M ~ ^ I <AjjJo 

LaJJLjj 4xllall LAjIjSI j^Jx 4jjLx a j ^a 4ljjlXaj L ^ A ll < till^JI ^ i^iX ^jC. 



^VLUI J^LulI is jLW iilliJI iS jjJI £*ajj (8 - 4) JSJJI 
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j^1 ijL JjjaajJ (cj 

I ^a aj JjAu 1 <~ul j^ jjl | (Jj ^l Ja^ djJ /ClQ11 jLLcI 

£jiJI La Jojj_i ^jJl H “ R < fbat ^jJI a till (jn Vi Jl a> jAj xj! j jm JI j <JL^^ 

£j Lajl * -ai ^wAJjj-j 6J-i % ill J \ ilgjJI jl jJl <Ltlj (j-a ^ "ill uU -k 4-AjljjiJlj ^ VJaJI 

C>» Lcj a ^ a (8-5) JiAll d^-UJ < J ■« >*1 1 O-filoxll d>-* J i\^ll J ^ill f j * » ^1* -u 

.<a.jIa1I Jjl5LuJI d>-° JJ*J Liljjillj dl>^ CiLia»la 


+2 

1 II II 1 II 

+4 

- :.■• / PLEIADES - 


•\ ; . . 

+6 

_ | .,; 


* ' r ’< ■ 

>+8 



r '*•*%. * 

+ 10 

* ■ \v;t ; ■.. - 

+ 12 

— 

+ 14 

=_l_1_1_1_1_1_1_I 

-0.2 0 +0.2 0.4 0.6 0.8 1.0 1.2 1.4 


Color (B - V) 


UjUl jjLuU iijljjUl j jjlll ciLLuJuj ^^bjj (8-5 ) J&2JI 

IflJLuj ^dutAjjJI j-jLnll ^-Lc aj J-^LuJI < all dr° lA^Ljj 

(ftr --*-f+>ll 0-° fTjL=^ a iV > * t>» (gr ^yjJI £>*11 

. (isMajJI ^jaJlII dA-°-*JI 

I V< i j_a «LVJl_a * II 4_Lj-a ^1 aai * J>11 jjLllJI <1 a.j- a dj* £> fl "ill <laV j t 1 JUJ 

^ Oil | d L fl > L —_ dl£ l^Ka Lc^JI ja51i*JI jLr-1 jj oaJ (Main Sequence turns off point) 

j^Jaj (LjjjJL) La >y’n 1 H-R a Vil ft fl . Ij^ac. ^ ^_a»jJI d)^ 4 < A q -v \ a 

^J! >a. JjiiaJI did JAC d)^ ellJ ^*» iJaLLall ^ irtii^ll £jVll ^lc LaLaj OuoV plSjd) jkJAJ 
<j-i Cjj^-Ioj lalaAall ^-i-u-Ujll £jVll ^lt <1 a.Lu <_Lfl j([ laj I j[j jxlc. ,'it'la 60 

300 d^o ^a^\ 1I jjVu.il jal d>l ellj aj frlijjJI <VJLojl 1L LjLaJLj LLo j^il LojaJ 

.(8-6) JLUI (Sjiill) JjAic. La^ {jjAa 
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ijo'VUJI IjjljjjJIj (j^Ul (8-6) JS^uil 


^-jLlJI JjlL&JI ^ q 4 jjjSUI jjlaLulII H - R .-ttUU -^a Li 

jkl jjl JJjJj L4-JJ-4JLJ jl* Jj>la o 5 j 1 4 }\c . vluJ- T k Lfia (^1 (5 ^ - Iaj V 

^j-o j iKII La Ulcj l ±£- I Jj2k. SXuuJI J-J-flLuJI ^ OLflLik p1 1 Axi 

6ifi ^ojJI jkj^ju ,(8-7) JSLhiJI U£ 4 kfli iLt.II ^aAll 

<lk£ o*- ^5 CS^Ij 


. oIjL^ajI <^uj j! ^liAii ^1^51 ^Jl IgJ^j Xlc* Ciljlc I 4 JL 0 1 


12 



—III I III II 

-0.4-0.2 0 +0.2 0.4 0.6 0.8 1.0 1.2 
Color (B-V) 

^JjS J^LulI iulj^jJIJ j^lll Lr l^jLA JIaj (8-7) JSJJI 
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i> hj to£. J La *^jVfcC ja! 1 CjLuila^ J^oaJj 

£jUdl .L-k ^a <laSil JAill ^_jjJJI JjoLlII^ UjL-cI 6 JJ > 1 A <j A-\t JlL^LlC 

J^LlLI) <j_a ^ft o^l jj_aJLI J!Lu ^^Lk u \-%\a ^L ^uujjj x^aLjlJ! j\jJI 

jj "^11 JIajj (<_i^La-C y\ ^Jl Jj Vn II y 1 11 jijJI ^LLJI y\ <Lft\l JjLLLI 


J J ^k*> Jjl ^laliaio ^Lfc !> >«• ,... < , Jai. ^ (^^l ^-jJI <fi 


^Jl £j-iJI <JLlLJ ^j_j_IJl J^Lail Lalfc I jl Jj 4 A n \ Jj Vif. ^1 


(8 - 8) Jiill L£ ( <UUaJI 



21^%'iH joIUaJI jLa& 1 (juLJ Uijlo (8 * 8) J&kuil 


^uajJI JilliJdl jjui (jiiUS ( -a. 

(m v ) <jjjJII 4 L4^il| jIajVI ^Lljj L *it Klall ^_L» ^ a ■%*> *j ft^ sju jl sjV 

J JI ^laa a jkj < Jj-LjlJlJI LLlj a» 1 1 (iTl^ - m v ) ^jjill 1^1 aI.i.a jl < j fl jlgll L^_u!^oj 

^J\J\ (^jii\ J-aLaJLI) JIaj ->»j Jj Vk*II JiJ 6*Lx-oVI j 

Jjilx 11 6*L^aVI^ ^1 fr UI (jl -La^^Lu-u L* Jqj . ^jJbUaJI ^ a ^k ill jJ-SJI) 

.(8-9) jk>ajj 
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3 uaill j-JUudl jju 3JLjJo (8*9) J&JJI 

jAaJI CjI J 6j^-il ^A MjJI J_»lllJI pj^Jl (j*0 <_»jLlC 4 aj^U\ A 1 ft II pj 

JSJ (mb ■ mv) ^jjill J-oLlIIj (Mv) a-jj^JLI olLl I < ± aaIII Laj!j_ 51 JSI <ijj La^LlIIj 

LjjLaJI pj^jJI { ^a <Xj^=JJ 6 J 4 J pjjjjJI ^ju l xA a juiL (j£Jj ^jl^JLo p I 4 J -0 

(^1 jlkil ^i\ jjill) Ju, (^Ul J-Ull) ^liVI 

V O-iL jl J_L-o pa> ** 11 y-i^UI JaL*JLI (jl Jex^.V ^ulal ^Ju^-Ia ^_1_C |J 1 ^ -±\\ Jal Sill 1 j*-» J-uojj 
cUj JJLjj <p_^jJI Sjlj-A. J ^Jc, J> joJIa I Jj (jllal 1 jl ^jJblUJI til jj_aJI ^ L- Ja'i »j 

p-o Ajjl 1L 6 ^ 4 . 1 * n^JI j-jLlllI pj 4-boLkj jj-oJUiJI Lo-4 1 A » t jwo (jl t\ -k\l I (^jUnj 

. <jjLulJI ^ A^laxall ^-j-uaj^JI pjlUJI p^zsJi 

j£>i\J ^jJI^ <L^la JiJ 4 ilkll <jjJfcUaJ! jlo-flV) jo jj —flJI JaiaaJll j-o jOJUj 

r = 10 1+02 (m v M v> r '^1 ...^ 5jL,(i jj ^a, (m y -M v = A) xJI J*L^ 

jjl JjSjjJI JJU jUjV 

cLjUlII Jl 3 <u9a 8 : 4 

L »l«Ai bu: <jjLi£j ijjli. 6 jLo (jc (juikll pLI j-uojJI (j^lo ct^i ja] 

<Jj-aJLl pj I ulLi <JLaV p^jX. J<^ 6j_=JU (j^o 6 JC (^-fl j^Ja3 uOA pj ^\H j\J 

(jo La fl ^ a Ajjlx pjlj ^ j< JLa ^jl La$ (Galactic Nebula) 

ij^ iii i <_lajj-lxJI SjUI j_LAJuj (Non Galactic Nebula) Aj^^a^UI pjl j»*> 1 L> ^x.u ol^ ^Ltl 
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:<JUI r L-SVI J\ r U 
j^XuiJ uil> \ ,VI jfctXm • l^UJ 4 I \HT>-1.1 ^jltX u Jl 

.<AUil ^I^JI ( U 


l*k l^fci A 6 jLa J£xL ^^-Lc. 4 flh A^ll ^1j mil (j\J jLulJI J jLiJI (- 




(Emission Nebulae) £j!jujV1 8:4:1 

Cj\\} jLillj jliJI J-0 4±£ 

. B 1 jl Bo O £^jJI L* 4.iftkLH [fxyj* SjjaS <xjIj^j 

3 3 * * _ 

■ jAftVu JrvM ( ^xjj / 6 jJ 10 ) j V4" I J^k. 4 tAtoj a ^Jjmll 6 j-A jOajjj 

jfcJ-iljjJlj JbX^J! CjIjUlI a 4- iM ■ ul JpjJo-^ ^.lc- OL^^JI ^ J I nil 6 Jjft i> ft ila JJ 

■ *^j~ 1 <jLua ^ajJLjluJI jl*JI IjL^J ^jU^JI e-uSjlJI ^jl 9 J aj $ <4JuLlllj 4 jl^LuJI 


-u (Orion Nebula) ^L=kJI ju„i am <iilj 4 ft *Vl *0^ 


^11 




UJI o\l±A\ 


jjftlfl 4 \ \~& LI <Lcu (20) ^16jJoJ 4 1 ^ ^ A 4 Vi u ( 1 500) Lc 

uiLujl Jajkai Ifl i Aji i ft <li-i^JJ 4 iM m . W1 4 > . ..\H »j . ( j*l*jlxJI 4jl^ i_ftl IA (100) 

C 3 *- 11 ^ ts' (Forbidden Lines) »L^kiJL Jlj LjLc 

■ I JjI Jaa uiiaj 4VC 1j . ^jxsjVl 4 j jlx. L ij^ lo L jliJ lfl-j JJhl itin 

^^kVll SjJLa II 4 i ^ in ft u Ctlxi *■ itiVI 4U^,.1^1 LuCLo (j* 1 A^JI j 

j-*jJL» JjIajII ,lj| 11 J-AJJ 1^.1^ . (H11) ^IoLlaj CjI jLiJI aJjA jJbLo ^_C Jjj <VjLL_JI 
L$J <JjLlLI ^\I u\)I I 6jJ dJJj . (HII) j^ojJL 4 J ^-Ojj IjL^Jj lijjllll jift I jlj (HI) 
(Oil) (^jjLlll ^jIa.1^ Jj^Ij Lj^iSdl oaLa ^iJI ^> m^VI 5jjJ (01) j^ojJLj 

. I jlAj (OIII) ^VLi) OJU ^jJI (j^^xAiSVI 6^jJ 

j 4_Lil^ <3_sUo j i ^ Hal * I A \ ^ 4 t U »l m 1 *i*V 1 4 t ft lU II Jojin-v II ^jjjj 

oUa^J JiLkj (HII) J-^ UJL>^' ^ 4jjja. Jaj-aJI *A fl ll 

I I 

IjjSL 4 jl-o ^ft„\\jft CAe- jl?" uL>fl u - ® Sj^JI &±a »jj i^ft 

LJaJI LflUaJI oL^ Tlh * a Ja\ L oJ&>j (jl j-jLJI ^j 4-Ij L* 1 b (^/^jjXxA 6jj 
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CjLyi j-ljjo tj10 ^ JJk Tt V 6jj I r> 9 JiLkj <6jj.trk.ll 6 j jJJ 

^ioL-ft j^Jaj IJ ^ Ij »lj aaJI jJLL 4-ilaxo i \ >1 ^Jl Ljj-o 4 uila 4 ol~ A. ^ <_sUo 

Ja^loAi < v>LJl * A % II j aaJI jiyvi jjj=wjJ 4JLJ»VL Jj^jUI frlj ft ^ 6 jLc (HI I) 

. j^j^iiiJI jl ^ 'v i <i ^ Vl JlLo ^-4-oLl*J i>L*_kjVI 


<lklfl jLjlII LflLifl (jl < M n i a* ^y v 11 fl 4-Ui l uVI ^jI J am II j fr lrt-k 1 1 Jgjli^ II 4 i milL Lol 

4 flfa "wlI CjLj^jV(j OIj j^-'iSkIVI ,^/lj oLojL-oJLII J J_C ,Jij ciljjj 4 1 J_^. tA 1^4 ^^ll^ 

L$_jLjjjiJI fl i\A i Lo ^LAisy.,j ^jlaa^AJ Jjl Jii LoLI 6jjJI ^ lir> \~ (oljjJI 

£-o ^jLl^j 4 -k -lju L5LLJI ^U. i u. ft ^1 jLjj (jl Jj-A < 0_j^1d Sjl jl^ft~k j - u \ 4 t ■>7> 5JLa. 
Sj^Ja^JLl L^LjJI 4 _j^-o 4 fllU.ll 4 vVv'a CjLj i * 4fc ft ^Jl Laj^jjJj jJ.fl.iu LaJjljj ULL^' 




ill SjVj Jju 4 v fl 1 1 ft 6jLo VI Lo 4 -ljI a uVI ^J-uJI 6Xfl jjLt Jjl Lu j v >j 

(j^j^Lo 4 i<Ai V 6^ua fl Ujlo-tl /jl itiia. t$_LJ jj j^jJI 4 i_tLJI ^IjjVI j^o 4 j-~k.L^Jl 

JLaj . (8 -10 ) ^_a U£ ^ 1 uoVI j^x. lj.i.K jjuLu jilfl dLLxJj olji-*-uJI 

Planetary Nebulae 41 ^C^yCll vu..ll> ^x,jjj (HII) ^JoLl* I jx a* I* iiVI j^o ^ I ^ 

|u-uVI I J^_j La La i-u JaJj - ^ IjiJL I 4 J 4j^Lc Vj 4 A KII ^ ia a i Lo J-i_u Ciah J ^-Aj 

-w \ > Jrfc 1 -k*> JUJI 6 j-t J~t 1 uft jLiJI ^_ya CjLaL^. ^-A j ^a^iJI Lfcj ^ hft ^-fl 4 l A". 1 ^ W 

jiaj-xJI oljli. ^ aj^k^il ^ oljL^ii! < ai u ^ CiLlLJIj ^^il ^ 

. Lajj^j>lJI ^jJI (Shock Wave) 4 l^jJI 4 ^^o ■ y y i> ' 4 ^4A^wL^. 



(jLiaJI) ^Uiil jua^i ( 8 - 10 ) J^JJI 
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IjiXi L 3 UJI oULJI 6 JJb J)Urfc jjj <4_uIjluI JqjJaA. ^jJaoJI I JJb v_iLilol 

^JVI ^.y,.-y \ 11 (j^lj Lo U * uj-i Kl*i -x*ijj L^-jj ^ w»/ ( ^ 20 <L-Cj < h i ^ ^>11 

-.VI j^.1 Ctl 1 JJ ^y ^ > CjULsJI fcj-A j-ilj-o ^y >* fc " I—® I 

0 0 

CjI jLa^l uy Xfl (jj S j5j »luiii Lolj3l ^Ui^j £jl ^Jl L^ijjJo (_£jj-xll 

.(8-1 1 ) JSjJlJI LaS 4-u yyiyji* (jVl Ci^^^\y Lfl^jIj Lfl^-JI Jlo < 14^1 



^iS yS ( \ kU.4.1 £Uyijp (8-11) JSJJI 

(Reflection Nebula) ^ul^uVI p<±uj 8 :4 :2 

B1 Jr^jJI (j^a SjlJSl ^ajj <lajjaJLl jLlJlIIj jLi-ll (j-a 51 jLa Jlf* ^-Aj 

<- 2 >l t i*J iajin^k jj^Jea jxj. a i ^ v iuJI 6 .lA J j ^ "j j (B3, B2 £>JI UjjJj) 

0 

SjLa ^.y -dill e-yj^ JojJLi-u ^yC. ^jJI j I . ^Ti * I ja^lry-^ (SS* 0 -° 

L^-x- 9 (Oust grains) ** *<cJI <jjLlJl 1 I 4 U... ^~.~ ^ ^» \ t o ^ j, aaJI 

jj| i* 11 j Kj i L 4 JJ 4 t > ^ ]| 1 ^ ftj■v 1 [^j 1 1 Ti /> 1 ^ ^ >L»> 

t La*^ *-o tl>ut»n ^iJI g-^ x^-a ^yo iSjj jLlJlJI {jC, (ji/v* ill ^ n iJ «oil p^AJI 

£_Luj 4 Q > C -v <Lilc. ^_A Lw IjIjux^I j^1 ^.AlJ ^IjJI j-k t„ii Jl ^_fl 6 J^v.^11 jXj^jJI Jj[jJ <j1 l^ 
*u g-^ jut\ > ^jJI ^j^JlII ^jl l a*\ .A^i^yj 10 *y a^II Oj lUll ^j^LlaJI ^jLSjJI 

Ij^LaC. j\ -h \ 11 j^JLaj <-LaLk. *nJl Oj^icJ ^JLt ^y Iqjuu olj ^ >*^l 

I jjfc ^ 1^ ‘lCLoVI (jjoj . B2 ^L2±y A <Li q>_U II iujll ( j - o jxj-A aJI 6 jjfc ^Jaji a ^Li 

. ( 8 - 12) JjLfciJI L j& jjjl ^jj^ilj LjjJI JjVia > JajLaJLl dll j <,^UJI £\>jJI 
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Dark Nebula avail (8-12 ) jiJJi 


4 t a tJxji l l ajl aJJ I 4 iTwli (,^/JLi Lj-uJ 1 (,^/utjjJLj 4 ^ \ w t< <1jLa ^ J jlu j 

L$ l a c-J-t-c* < l Vu<,Aj ^.lr. 1 $_jIjJL*.I ^Jju ij L^»1 VI 

' T ' -> aJ j 4 a‘> l fl 4 M it,VI (jxi£uC J-5 L^-jV jl 4 -JI-x>V LfrJj-aJ 

jLl^JI 4-l Ij-fi (j i ii^a.r^.11 ^jJUjj LflJtaj . » LiAftJI ^J) 4 .a1It> Cj <j^£La 4 jlhI jJI 

.(8-13) JLill ^ L£ Horse Head Bebula 










t>QJI JuaiJI ai’Lx) 


JUiLjlJI lc.JJ ^ a^k\ll JjVn 1L I La — 1 

^ til J^AJIII ^Jh Lo—2 

SjUll ^jjj^JI ^ \ 11 ^jfc Lo — 3 

St IjLojj ^ A^k ill JjAl>II ja^au <j! iiiTi IjLu — 4 
SLuj^-a <^j(jill <ia^.i.1I JjjLaJI J-^jj y\ — 5 
<4 olb i ftl l ^Uill jiill l i>^ I <i oa ill J LjllaJI J^J ^jLoj^j XlOj — 6 

SLo^oljA. CA^ (JD^ 

Sl^jilf LjJliJI Jj^ lll jJk Loj jkJjuJI ^-Ajj Uitu jJk Loj <<jjLi_!l ^XuJI cij£. — 8 

a Lt i i LjJI JjVif, <jjjJ Cxflj i^laauI La — 9 

(G) £\y y <lkL-J1 (0) f^y (jA f>y*^ (S>^i JjSIjJ cU — 10 

.Sljllj Scij^JI ^llaj SjjLJI 

H - R lrJrfc"k iQ ^lr. "ill <la£j JloL^ Ijl #^jl_aJlj 1 aA jl * ^ a J Jjl Jj-ilc. — 1 1 

v iltAl l JjLL» JiLyW jj, V>f daAjj A ^a y \ll ■ ^ .^\\ JjLSj ^d^LaII -it »■ til 

S^VI Ja Loj iLfl F u aajJI 
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I *LLJi 

Stellar Structure 


(Star Formation) SUii 9:1 


6j*K> 6j «uVil 1^ ^LkJI j jl till ^jja 4o£l J 4 ft ^,.tn tila-ui 6j^aj ^ ^ ill Jn j h" 1j_u 
£_Laj ^iJI CuljJI Cuji aJI ^^jLi U "k i nil 4 j^£ 1I 4_>jlil oUjj-aJI 6 jLx. JojjjJij i 
£_1ojj ^kjdi^JI Jja JJaj *4 H Ja iiU^uJI 6jLo ^JoJLaj .frl^Aill tfrfclLt^j l Tii.u j 

qUV^ «<\iJI a 4 \i A Ml 4 it "w ,i.il Iaj jij (20k) jLiJI djlj-=» C^jJ 

4-il \. j-iJI GjIjj * (9- 1) Jv itill U£ La 4JclsJ iljL^. 4 *i ilni «tif, oLaaJI 

JuojL=kll { jja 4j1 p! aU.II jLfll-JUJ 1 J * uAj jjJj Caa ><^l Loj^Jj 11 4At ^laSLu 

jljlju jLa^jil ^a opL-^. Shock waves 4 * ^ \ 4 -vj a *v L,^-J L4J 

4ia]fcj ^Jl 4 >1 "w „ x, II oJna La 4-JjjJojj <4jjL*JI 4 >1 ^ , dl <La^JU Cil ia^J i. fc «* A. * ( Lfl_jjjji_)_i-Li) 
* 

i^JJ LLJo Ci*i*n*ill 4 jJi j ilaJI l j a£ j’* ^lc L^-jLuj^. ^ 4_ujLaJI (£yA CjJaj fc * * 

(jl ^Jl . \j, \ tu i> Sj c ft*!t^TI 4 >1 i .ill oljJ IjxLiAi O-fljJI J-lj Jjlaj 4_ulI^JL jlII 

LljjJL* j^i o iTill 4 lV\,t 4jjLc 4 jU^J 4 \ i u\IL> ^ 10 ^ L^lfiLi^ kuijl A ^ 

(Protostar) ^J^VI 11 » Sjl$ 111 4 iIa *JI dJj ^c.jjj < ^ 10^~ La^L-a 

Cj) 4k^ JUJ] ^1 Jl kwJI l +i^i (jl jjjJ 4 A ■' jj ^-lc LjJuLq UjUfil AiUI ul* a. 
. 4^JI 4jLUI ^y> 4_»U^JJ 4-u jLxJI ^ < A^JI 4 jIU <JUI 4^ajJI ^ jS 
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ijJlxJI jkjUrfJI tj* (9*1) J&JJI 

^Jc. LfULi 1.11 jrlj—ol jlj-x-ol ^_lc jjli ^JjVI ^-vv11 »Lal«JI .i a i«jy 

^Jl £-JUOjJI 4-iUa ^Jja *k ^_fl 4 AiL 4 j\j 

<jl -V *4tll <j£!j <j-o 6 jjJ-a. C 1 U.UJlI>I ilLsL_ljlj jLlsJIj jUJI \j£ ^ ~ ^Jl <jUo 

>4 1 j a^VI Cxrwj Vi ft ijt aAJI ^LlJuII ^j-0 ^^1 pj i^al I ULu 4_jLft^uj j i c 

. 1+la.l Jj J>a>j JJoll >A <j L^mJ I 

uJi jj £ ^ 4_ujl=Jlj 4_fltj^JI Jf£ <)Ia aJI jS^a *_jji)ljj 

Cj jiklj ^A.jJI s-lii ^ U1 UJa 11* 4 •*» \+>\ jjJ Jj»a j\jj .<j!a *4< 11 Ja. 1 J Jbj^ 

6 Jj^-ltl 4-i-i jLzkjJl ^,,I AjJI <2Ua f^jja Ijjla^ UjA. L_)LAjj J-&.C <jIa mil 


J-^ U*J *jj Jaaj 

Ujl^lo <iUo ^Jl ■ t> «*^) 4\^ it.II <_JLljj 4la Jail <JL=k^a 

La jI t a i-illo ^Jl j^ II 5jj Cjyj*i **Kii^1 cJ>^ ^jjj-iSJI (4.5) 

<jjlc <jU^u 4_aJ)^U 1 <_klxjjl AjjLflJI s-LqJjlII jJ-Aj dLljJj (cxl^S Jjj^p SJI (13.6) 
(20) ^Lh^j 1^ (10 11 ) = 2ji ^1 f^>) IjIa (10 15 ) = lg> {y>j ^ijaaSJI <Jj£ Jiu* 

^xuaj <j[ -kmll ^jLi .jlfiLI ^jVl ^ajJI (J* jj U| II JjGj L»Ja£^ Loj2j <Llu « flJl 
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jl J_aI ^-Lc. 6JJb A % ~\ fl j ^ A.VI ~^~ ^1 * iTill JlLft <L_ol jJI LfrSLfcl n * u*V LaLaj 4-fll ft 1 T 1 j i£. 
j£^ll <jI a»mil SjIjaJI <^Uaj oIjjjjSJVI 

wil 1 la C <L^jLa^Q ^Jl ^ J^j i J ~^ x Uoj X >n Jj-u <LuL_lil oljLiJI Ij-u i^n -% 6 j > >*S 

<JU. ^JjVI ^A-jJI *_j^LL» JjI ^1 1 ilftjl 9 Jikl^dJ ^Ll a^\VI 

*_ 4 > <ia»l mil oljLiJI JrJ> >A £j_S j «Al l jj i n> <(9~2) J^JI La ^ i*tl ~i i J 4 1 1 

(_£ I £aaj ^ ^ 111 J_^l J <Jaij J \f. 4 _ljI jJI <L_u 3L=JI S^_fl ^X-l * <I»V1 ln» <All 
30 (^jo AiuJI mJjSj A I l iti^ ^Jjl ^/vll ^J~l X^/lj ^ AjI^jJI CjI llftfc JdftluU JJj . jSaa 
L o!J < fllk a ^) » _lLo 10 ^i\ J i r>"> 6jlj^JI <-^.jJ 1 £.Luajj wlu-a>> ^Lc 

^.jjJ ^j^kll U^Hfl ^jlx. iai-i-i 10 9 ^Jl>a. ^1 J-uo3 Jl*. JjJii y l r.« . Al l 

ujliS L^Llaj 6 j i i,5b OIfcj-mj ^rSAj^t.11 II 4jjj) Xjj i.t\ \ ^ 4jj^jjJI 4 jaI ftJ tVI o^LcliLjJI 

* * * 

^ Lft’ifcj 1J «!£> jiSl w) La I jla^taV I 6 JJb Lfl. vfl wSuJLj-oJI j-flLuJI Vjj ^Ajlaj ^ \ln < 

ijjLc. £l jy |j* Vl () H (j-A <JL-)j I g-o.jju Jlu •%, > y £jll {jA <Lu_^aJI Jlollil 

^ajS <3Lk2k ^ajJI I <lao> 111 <lllj ^JUj 4oLU II fjAjLfij l *j- a ^ J-iLJI Jj^JlJI JjjSjj 

<j^LojjVI O^-cL&jJI L *^ v-y 4jl <iaCw^Lo <^ inv>^Jl ^jIUJI ^ QiAa 

<OJ jL^jJI <_flUo jj^JI ^Jl ^UJI Jij ifllLJI i 11 J^J-A jj-fl 

* 

^ja d *\j *^jl <iiUaJI ^^ou^xll Liil£ Lj^l iSlLsil ^llil lL>ia Laj^£. i \VI 



. ^LxaJuVLi 7 h ill ^ lr> < <1 


^AjdJ II (9*2) J^aJt 
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<Jbh£ Jj jfcLkl jJI L yj\ cf\ >VI (jl <jjiajJI CjLI ^11 JjjJ 

*> \ )j (j*** itill <JLa. LflLo J5l j-Sjll ^_ft 6jlj-^ 4-a.jJ J-ljJ (J-uiaLoJI <h ^ <j-a JSl 
5 jIj^ jJj3 ^Jl <<a_ijLaJI Jjtte uiaj jJI ^Jjj a ilill j_l ^1 

^jlflU nil ^*k "■k II <t£J i^jJLi^ <jL^-i J -=k-J-i 4i1 l ■ jua itill <lLa. ^_fl l^lft ^L-1 

(jLfl tiljj ^jpA J5l <t£JI I jl uii^ 4 n lift i m <Jj£ 0.08 ^Jjlij ^-A_j 4jjI j 4 jj^ j <2lta £ liil 

.L^n JaJLj jr^UJJ JiJj ^lllj <ii < till ^_fl <La.il! CjIjJj Vs tVI 4_jaJ(jJI <_ujLLLI 

Brown Dwarfs < ^i. Jt ^I^_sVLj &La ^_cL» LdLcj (JlIjJJ) 4_ujUaJill ill 


jjiliJI ^ya i o. 1 1 l ^inij ^j-a u-j ji5j <jjlx. ^A <laJd! 

<ja.j_a (JjJaJ <jjl * ii i> 7C1VI ijO UL* nil q k i^kl < jJ («Lil "k mil ( jlil a*\ >I ) 4_i_a.jLL 
^jIjjVI <JLaJ J i nt ~k. ^JjVl ill <tTCJ ^jJ-C-1 Ioa. La-LjI I 

jLmJI lai ^ Ij—JmV I Ja» * A ^jj l ■ " * <JLaJI aLa uUA ^Lull uijjJx|JI 

(J-k£*k.l I ^jVl ^ajJI ^jSLaIj ^Lfl Jl) jJJ 6jJjll <jjjLaJI 6^5 jLuo £ jLaJJ ^LLujJI 

^^aILlII 5_»l^iJlj 5J^f***J jKl jl LT^! {J i£. jJauLLi ^>lkil (jjljlll Ci^l 


6jjU j*} y\W 6La JL^o (jJ-i cJJLlj (100 Mq) ^Jl (50 Mq) ^a 1)I < h*\l 

^1 ^7 li"wj ^ia <tj) 4_tS JjLslj 1 Ay'i ^jl dLlj^ tlj^a. JLfl JLqL^I ^jV . 


Lluuj Jil a^JL&J 4iU 10 N1 q ^L^iJj i< jjj j <_jlL ^jjLi ^la ^Lc ^ *) A 30 

500 l UiiU JJlal SjLiJ ^lla^i <jtL 0.2 M 0 <ili^ ^L) ^jaLlj <^Lc 25 

^ai^j ^jllill LL ^jjll 'j aLJI * jLUJI ^LiL^JI ^ aLJ) j ^ ^Lc 

<-^aJI < ft i ft -k II ^ -^^!! J jlaj j» <io ^^ laJI t-^-aJ! ^ ^Jqj aLlaDI ^aLll Q . Ai\ 

.(9-3) J^uLlI ^-fl Ui ^Ic. <u^ill <Ajlj^ill jLcujC.1 . iJJjj <jla !a ^ jJI 
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<J*L» j^iiJI JIaj (9-3) J£UJI 

^^ill <Lj^iil ASlbJI jj uaa 9:2 

6ja£j U (| II CiLijjV «U^lo^VI Cj^Lc Lilli <la^ul^j ^ ajJI ^-fl <jj^jJI iiUoJI jljpu 

:<Jllll JjLAojI aJjIjla i »-<jL1o Jl 4 Ir.l q~ 11 jl^JJ 

<£.jduu £-J^0 X iSUo ^Jl 6jUI — Sjj^jJLI UllaJI 

E= A m. C 2 : Jj* jJLj 


.^IjaJL» <J^aJJLl 6 jLII <i& : Am ■ t ^ 
lJJL iaJUJI ttlkll : E 

:LaJbj iilloj x 1 i A ^Jl ^LliljA^o ^IIjSLj^Jo JtiA <j1 t -1 nllJI jVv* jj 


• (P - p chian) Cxyjj* ~ *jj j 0 
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^ nfut JI ^.lc 1 *ih^ Jjjj V ^jJI til <j-^LoJjVI CJ^LcLftjJI (jrf £\jjJI I j-4 


JtLflJJI h_tj < aIIqJLI jjJI {ja ^/wiiLo 4 ai i A> ^Jlj 


:5Jllll oljkiJL 


’h+ 'h 


H, +e + \) e 


laKL* + u>*jl* 




1 1 1 
j k Jd>pje J + ojlPjl^ + 

\le 1 +y 


2 H + 'H_ 

1 1 " 2 

V iitA 11A + LoUt <x^l 


^ja ^k^J! ^ < Liai Sl>; (^OAjLJI jIajj 

JcUUI 

^el + 3 He, ^ ^ + 2 'h + y 

2 2 ^ 2 1 

v ijia. ^.joJaA + JuSj + LoL^ <jui»1 

6l^j 6j_^. jrLoail JcULlll Ij ^111 <La ^JLl ^1 

.6j^l« <3lkj L A 


(CNO Cycle) tyyktSj I - S^jj (o 

(^1 ^ JtUlJI 11 a J>ij OLU (jA J£ <^A Jjl (jl£ 

J-ljL» ua^ 4 10 ^jA J£\ LaJ^^A 6^1^^ 4-JJWjJ ^liAkiill <Jji£ t*^ 

<j £y k u^ l (Jj ^n\c. Lol JcLklll ^ <Jl$ *i mj Vj JX.L-U-A J^Ljl£ 

: { ^L LaS j£.Ulll ol^lrx-y JILaj a jj 

12 C+ ‘h _^ l3 N + y 

6 1 7 

UlK-£ 5l >> + UiKJl* tlfi^-JL^" 

^^ 13 C + e + ue 

7 6 
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13 1 

14 

C + H- 

— >► N+y 

6 1 

7 

14 1 

15 

N + H- 

-> O+y 

7 1 

8 

15 

15 

O - 

—>• N + e + vc 

8 

7 

15 1 

12 4 

N+ H — 

—> C+ He 

7 1 

6 2 


US UUj J_»aj ^tLi l\jj ^UjjI J_cUlll Ija <Lo^o ul 9 ^j 

<JjlalJI CiltL.ii.-JI cJj oJj 6 jj -h III Olkjl 4 _laS (jmAj jcjuuj « ,% + J 4 >j — jj jJI SjjJ 

. JtLiiLI (0.7%) ^ JcUlJt I ja 6*liS 

Sl^J ^Jl < ui aj|jjui £Jj1 £ Lo JjI <^o iSlkJI 4 ,.ajS 1 im^'i IxCJ (jVlj 

:<JLII iLLil US (J-Lfij ^ 111 A 

1 4 

4 H ->He + iSLU 

] 2 

1.67 x 10 ^ kg = j-^.I^JI <tS <j1 Ult I jU 

4 x 1.67 x 10 ' 27 kg = (m H ) JtUlil <££ ^,lj 

—x 4 x 1.67 x 10 ' 27 kg = (A m) <3lk J\ SjUI <1& J\j 
100 

= 4.676 x 10 * 29 kg 
E = A raxC 2 iilkJI <jj>S 

= (4.676 x 10' 29 ) kg (3xl0 8 ) 2 m 2 / s 2 
= 4.2084 x 10’ 12 Joule 
= 4.2 x 10 - 5 erg 

{j* J 3 l <ts lilLoj ^>jjJU| II (jV glju 6 jj "k ill 4 qLUJI 6 , 1 a jSjJL jjj^JIj 
[ jA 0.7% < bSlI jIj-Lo JS«7mj .OljjVI ]l JlS a y q 
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hI jl I J-^. jjlj£ <J <5U»JI jl J-Loj <<lxl foil Ijf<^ <jjjV 4aSl J_IjVI <Jj£JI 

^Jl J-L-CkJ JS ^_fl (l^-JL)' ^ J 4 " j>a IJ_^ Ji.1^ JJ-X ^4lu 4ulL$ jkJiJ <j] 

•fjflf* J^e t>* c>lo 6xl0 5 

f^JUl Jl£ul 9:3 


4t%itJI <jl^jJL1 CjLjjjVI^ CjUj^jSJVI i t\“\ t A 6 jS I 4 ilaL <jl Leu 

4 1 i <t JnplxL* 4 til t^ iA«j £ 1 tt i9 ill I 4 tf\* 1 ^Jx 4 fthU I CjI^)-ajGJI JjLuj 

^_Lx Uoai Jj 1 n *h Ij aaJI ^y$ CjLj^-»V1 j < 2 j ^ IVI £-0 4—ajlu Jxl fl T» ^ajJj V 

^ flfc iJ t^jiUduJI »- jiU) V La la. OjuiI ^Jl'Tk a ^_S 4jLfll^JI ujlxll iiVI a \ A J^lfl ^jOjVl 

oLj^IVI lJ-A ■*•.!• tlM Mil ^yA L*: <Li.U 

&l ^*>L» 4-511x11 j 1 ti Vn Uiij <6jlj_aJI 4_a.jJ ^jl.Ur^jl J-ua * Ii 

.^J^ya uJft t uUA I ft i ij^J^aII j £l 1 ouluJI 


ol 


- • *• • 


^j*lo ^uljp iti.X jl 1 mA ^lx ^jl» <sJcxjuj ^JJ ^^ill jSj-o dj *J ^All oUjJ^jJI jl 

CiLl AM II cJj J_ 5 Jj . 6 ^)-a < jJl "V a fcLauLi wlA ujj L ^*xlajj 

j)1 <_$1) J^-lj j \ t ala jL-uil Ja-fc-up-a j] ^^lx 4-J^jlttill 

jSjjo j*" 1 " 1 * jfcLx v-Jl11 50 JjLxj p^h^aJ! j^ iLiui ^ ^ <All jja jxjlo ^jn auiJI 
v jJl ^-XL^xiVI jLuiuVI Jjl Luh ■ 1 1 1 | ^" j> ^i> ull ^J ^uAiiJl 

(jl j-aVl 4 0 > a ^J 4 jjc*A-a ijlj-^JI ^jl J_Ai ^ja ( j 4 i^l 1 JI ^Iaij OlxI » <tiVI 4 -iUoJI 

< LoA j^iAj^laj <^Ujuuj (ju La <2UaJI JjLu 


Radiative diffusion (oUjjjaJJ) ^ijiniJI ^xLjuJuVJ jUituyi (1 

cjUjjVIj oljjjjiWI JflVu «^a 11 I cjLj^yQ 4 />lj.t.»11 <jjlj^JI ^_lx j n " t3> jj 

aJjLJI ^Jl *all 3UULI ( ja 4 -jUcJI J ft Vm j JaUIjj L4 «A 1 tt ^Jaxojj j_^V ^j-a 

-k J-^V (jlia (J-a CjLj^jJ- fiJI JLx^j! <JL^. Ja a^^jJLj <Xj^laJI 6 JJl ^^XJjj 

<jLUJI JliijV 4Xj^iaJI 5jjft ^XJjj ftL^j^U jjlJLa dl^jL 4ajla CoIaIiIjj i^UXUJJ jalu 

.(^l^VI jLiliVU) 


232 




Convective heat transfer Ja^JI CjIjLu 31xujI iflllxll JIaIjI (o 


£jJj vJlxA I jLfl jfr.'vill CjI a UrtA 11 4 tf.l A II ^_ic dj-4 JaIajj 

Jj « «^r>> 6JjLJI ^1 4-Lxl «uJI ^loliil ^j-o Jfl Vn Sjlj^xJI JjLfl djlj-x 4_^jJ j x l*\ 
^ajJI qU.u ,j > ‘L-^i Sj i 1 ^ oUL<Ail £jb_p jl 4 at11 <likl| oljLmJI 4 \^ 1 *,. cjI^Lu 

£* j-* «^ajJI ^lr> 1 4 i J 4 fliVsj 6 JjL CjIjLjj * 7 i 4 ^j Ij lr> 


Jj— o ^^4 ^iJI ill 4j| ^LaLuJI J-^xj A ft Ij CjL^jS-o \j £—j <^jl j xll <_SUaJI 

^jJO 4_UyLll <XXjLxJI 4 aU i.l 1 <jlk)| JjLlJ 4, ilxsJI 4 flU A I ±j^yj 4 ITS L^-XO JI juAi 7i 11 
4 aII 4 i-Lxl jJI 4 al-k d I ^_fl ^X-Ljl-lIiVI jl iu uVI 4 aU\ » l a’i ±j . ^U a nil 

4_u^iJI Jjx! jJI 4 i 1 ft II 4 oUvlI «nll O- 8 J 5 ^' 

^JaaaJI <-u gJI 4-L^bjl^JI 3 LHI i» i tiV I jl . 8 . 1 t *yi 4 jlola La 1 ^ 

(9-4) J^±JI L»£ 



Jilj Ulkdl JUiil JIaj (9-4 ) J&JJI 

(The Russel Vogt Theorem) Cx^jij J<-uj 2_»^iai 9:4 

^ic. J A*i »*i A . A j_a£. jjt La ajajJ 4 >■■•!■ Wl ) _^al^_-»JI ^iAt Jjl Lf ic. <j^laoJI 6 j-4 ( j<-'*i*i 
<tjAU ^ . .. Jfll ‘.ill 41^ A ^ If ' Al~ a " . V11 A AI^H ^ V jJI 4 ll*^ 

. 4-ijljJI jJL d ■ ■•»*■ i )^a MjljjJ 
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J J *%Ti L fcjj Jj aAAj <oj jl aoII ^ <JlL JJaj ^agjl <Jl£ ^jl £-iljJlj 

(jjSllI ill <> l aj^ll t. ufijjll Lot . I4JI ill Ajlj-^. <zwjJ 

<LajiVI oUtUlJI 1 J-u ^'vtll jij^o LfJI J-L-oa (jl uoj <jua a SjIja J 

Lfl aaL ^il! iilkJI <xa^ J, \ Tt £1 Jaji m ^jJI O^LcIJlJI £jjJ I ft ilnj <jLj^jo ijjjjJI 

\i±\jjjl\) ^aaII IfAxioj 

{Jj& ± j)aA V ft-uai jlj ^^k\il <JjijJLI SjIj^JI <gj| j^ lU LjLjIsJ f-^-4-o 

. LipU^il J,Uj J 4 


£jUUI <^1* jxaJJI SL^ 5jii 9 : 5 


: LaJI (^Lolx. ^ I nj't^JI jjLJI JaJw ^j-ic jW7k,.yJl ftl-Lzw 6jo£ jjlu 
LjjJo . v ^■ l tTi 6 JJbj f^jJI jj£j*o <j^L»JjVI O^LcLfi-lJI <L^jLJI <iUoJI AxoS (1 

uoafc jSjJtl {ja ^^ilL ilLaLftJI ^aoll <fc£ ^ic 6jjJb JlajJUj (Jr. 1 q~ 11 <Jj£ £-a 

. <jj^jJI <j^La*uVI Cj^LcLflaJI frJjJ Loj^Ulj l-ia. <Jl*JI AjI^aJI izwjj 

V ^JJI ^Lj II £_o t^a^l^JI frl .iAftll ^Jl <OJJ.xAJI iilUl ^AjJI < » *nj La JjA-o 
la£-J ^ j* 'V '& ^nmtill alj^w 6jli j iJAjJj t&j&jj* ^_fl <_^JLl)I ollnJI JS ^ *ui 

:<jJHII <UxuuJI oLL^aJI ^j^kJU 


IMq = 2 x 10 33 gm 


4jKll jaailll <t£ <jl 


■ ^jil A ttlll <Jj£ ^0 10%- II ( j- a illjLftJI <t£}\ (jl 

33 

mH= J0x_2xJ0_ gm j^uill ujSii 

100 


32 

mH = 2x10 gm 

(Am H ) <2Uo ^1 ^^.jjj^JI <tS <jjfc j 
A m H = 0.7% (2 x 10 32 gm) 
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= -^- (2x 10 32 gm) = 1.4 x 10 30 gm 
100 

Vi >1 t *i?k <aILJI 


A E 0 = A m H . C 2 


AE 0 = (1.4 x 10 30 hm) (3x10 ,u —) 


10 cm .2 


sec 


A E© = 1.26 x .10 51 ergs 

1 ill In % ij 1fc Jlj—lo jUjj 4_5llaJI {yt 4_j_oSJI 6 jut ,j1 InnV 

i nl (<^ilj^jJI) <2llaJI {_yA Ay liilj JS yS.ji aJI »l until ^Jl uHUJ (junitill j 

L© = 4xl0 33 erg/sec 

(j* T’JD *J J II 11 eliAl jiiinlill ftU^. tjii ■ ituia n> Cii iinLjJI ^IjaluiLj 

:^L US 

At ^Jl Lq — 4 x 10 33 I u» <SllaJI ^ja a \ jjiutUI ■ t| » »* Lj)j JS 

A E e = 1.26xl0 51 j.jl 55UJI ,> U-S i^ull 

A ._ A E© x 1 sec ( _, _ , _ 

At— ; 




.51 


1.26x10 erg. sec. _ ,^,7 

At =---= 3.15 x 10 7 sec. 

4 x 10 33 erg. 


At = 


3.15 x 10 17 sec , 0 


= 10 year 


3.15 x io 7 ifi 
year 


At = 10 x 10 9 year 

tj-4 t-Jjillj JfcUllI II <JU«£J Lu^ljAil ■ fjUA ***11 SljA. Aj^-A vjJjJj 
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fLt ujflj (5.5) U ja*. (ja ^sljj jfcU. ojaL (4.5) I 4 I* a < ^V> I ^ L. 10 j^jll 

■co^ 1 

y I *t* II i j-o jJ jlII ^j-Lc £Ajj {JUA * till ^ya < l*j ^ jJL^l ^aj at i aj-J-fl ujl »a "k (j7 

M = 50 Mo ^jb ^ajJI <_K 

L = 10 6 Lo ^ j>> l r^j^J 

Lf ic. ^aIII aL^. Jj- i .a ^jU ^jaLa ^Jl J>^.V> ^^ill <££ Ufla 10% 

. tLLJI <J^LaJL> ^IrfcJl" ^ i.ilAJjJI ^Lull Jai*. 
At _ AE tot _ 50A E e 
L 10 6 L 0 

= 50 x 10 ' 6 (10 lo year) 


At = 50 x 10 4 year = 0.5 x 10 6 year 

- (jkLc ^Jj ola i Lfaftjj lj^ 6jxuai L^jL^a. Sjlfl jjl Ja^^Lj Lub ^ya 

• < U ttM l y ill Ol^LoJjVI CjM-£,L&JJI £j jU-=k JjJL-o <jV vlU jj 

. 1 Jok. <JLc Lbj£ajIjA. 4_^.jJ 


ylIlll J&k Lft **JI jna itill <Jl^ Jjfll aLi_a» aj-j-fl ■ A ( j 

M — 0.05 Mq ^»jJI ^1 

L = 10 4 L 0 ^ 

(jLi 5-iUoj * j j lj a ^vrJ tjc.1 a v> <jiu l| II ^^lil (j-a JftA a 10% ^jl 

:<LiLkxJI <£-e>Vl ^A LaS . Ui*aj « Uiu^ll J-illlJI JftA ^-lc ^aaII alo^ JjJLA 
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_ A E t m _ 0.05 AE© 


At = 

L 10' 4 L e 

= 5 x 10 2 (-^S.) = 5 x 10 2 (10 10 ) year 
Le 

= 5 x 10 12 year = 5000 x 10 9 year 

f L* ‘-iVI < xui-a A yuaA U u i ^1 

6J-^J JjJJiAa ^jl ilLuj <j*a 1 it^la SjJLft 

I jjl giilmi cJJjJj . IIjjJaj ^jj v j fl H LfS^l ^ *uJ Jjaj La-a Laa iiu 4 1 j U 

^ ^jaaSaJI J^jJI ^ Jj-AAJ Ujij-a L^JJ-La-0 -H f^-lt 4. l i flJL 11 

.<tS JiVl 


UjaIII jjudQaJI ^Qj|J jlaiSJ) a_u£jUI 9:6 


(JjI^ ill ^1 JaI aajLj y»VH ' f i1 a c-aSjJaj ^1 jljll ^j-lt 1 y'll (j-o »l aU II jSuaj j_aJ 
LoS l|_J ^aLa. > £_4 ^_jJI <La.j_a Cti 1 * La I jl 6jLa JSJ uU<Cu) j^Tfcll l d"» Ajii)t * 

^jJI <L* jl\ Jc. Ijjft fjl j.iLijj < jljll kilt u aiu t—i '-kl . LajLl^j l la a vi a" 

jl^l ^Jblj Aaa II j^ lfllll Jja.1 j-6 <L-i-4jIjJ jJl£. l a S « 4j^ lftj 4_2wjj ill L+ jit 

■ A j fr laj ^J-ajj jaL ■ uj*^ (30 “ 90)% La : {j\, ajjJU^ 11 - 1 

A jj laj J-o_j ^^k\ll ^o£. i*a^ (10 - 60)% La <\yu\ I fj\ I j ^ II -2 

6jjlaj J-aj jfcAiJI j-at u*n% 1% Ou-oj £-Luj Ijjfi ~y 1 <iSjVI ~3 


.6 Jl jLj (5^J J^- 

6j^1oj 

a jl>^ c£^j k- 

6 Jjlaj J^£. 


0.4% ^Jlj^ OiiuiJ ^JLukj : Jj^ jjSJI -4 
0.16% <*i1 1 u‘i £_Luj ; JJiaJI -5 

0.1% Oxmaj £-LuJ : ^mluJI -6 

0.1% <Ii a ai £-LuJ : (]^a.JjJilll -7 
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■ xj-ua. 0.09% ^Jl 4l u-oj g.luj Lugiill -8 

. 6 J 4 aj ^ J-AJ ^ShjJI ja£. <_nu"k 0.07% <Ixi in £-Ljj) y uJI -9 

{j* 95% ^ja ji$l l^jj (j^^jj vv| II <i *u\ jjSj <!u^JI a fc*ift 11 ^’ill <^oLc 5jj 

.(5-10)% (jp^J La iA^JI ^aAJI ^5 Cm n*t £jl^li Lajlu 1 ^ 

JjjjJI ol J j >rfilixJI jlj ~i vl ftl—a^l ^_fl (O 5 Ti <jj» 11I jj^LxLLlll LOLj 
<_jjjlJI <j_^.LaJjVI Cj^Lc.LLjJI ^jAji % A jjftj Joii j Jjjj ol j 6,U.Irw j_i-oLi£, Jjj SuJ ^jaAaJJLI 

.<aIx. ill ^LL <jSaII 

Ajajla 6jlj^h. <-cwjJ II oLjjjI J7 Lojj) (1 

1 4 

4 H ->He + <5lU 

1 2 


dSiUi Lo 




» j]lLulA jaL JjAj) <aAju £-a ^ a L ^ -I I ^LaJljI 

. JjLJI JtUUI ^jpA ^1 6jlj-a. irkjJ ji£. jkjj <jl (Jj.ll £a (^jJ^.1 Sj-a 


(+* 


4 4 8 

He + He-> Be 

2 2 4 


jac. {ajj .(^SiLllI Lill J^Lij) Slji < M & i £-a f ji L 4I I ^Lojjl 

Lilli ^jno 6jlj^ 

12 12 

3 He - > C +<511, 

6 6 

. ( jyt >£Lll l\jj 1 j^ II l \jLlajuol ( j 

12 4 12 

C + He- > 0 + <511, 

6 2 6 

:^Jllll JtUJI <5<labj-A (_A 

16 4 20 

0 + He -> Ne + <511, 

8 2 10 


56 

Fe 

28 


: J 51 I ^x^ilc *ll» ^ < 5 j^kJI 



36 32 

Kr , S 


18 18 


28 24 

Si , Mg 

14 12 
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£j-uQJI I) 3 I U ill 

S^Vtll 6 6_pA J4JJU I jLo — 1 
S^>-% til 4 aLL jjjAft y yA La — 2 

SSjjJjJI fjc. £iAjJI ^ — 3 

ojIjjjj (15Mq) 4JLl4£ C^LS I jl (B) 4 i XaDI 4 li'j j a C. In iuja ,a >A La — 4 

s (L=4500L 0 ) 


Sjs^ajJI <Jjj$a J^aj ^1 6>UI ^ La - 5 

^aall ^j-a <1jLa <jx£. a^-> ^ am njJI £-jL1jJI Jo 4. ^_Lc £Aj ^_jJI 4 > < n t ^Jb La — 6 

S(H - R) JrvlnV a ^Jc. Laj^jJll 

SOajjjj ^jutiAjj (J/lj La <LlmoLijJI 535UJI JSuii >a La — 7 

<£jA tl/a La ^5LjL'La.mjjJU-A ^jIjjI iJU jj-fl jj $j (jl iyiAJ <£jLmJI ^a4ll <jl LifijX Ju^ — 8 
Sj^a^A jaL fjljpVI 14 a ^j\& I jLoj . <jjjLaJlj JajLuoJI 

LaL&JI >=J! ^iAAj ^Ikl jJI ■. (4-SUaJI J_jyj 4_£jjla ^A oL^i jl4VI — 9 

<£>1x11 O-^JI frj-aJI ^jlc- CS^ Lo £>4Vl 

S<1a 

SaLxuJI ^A 5jjL Ij^w 4jlLLajJI ^>a4ll ^jj£j I jll — 10 

Jja ^u^La 4a aajJ (OB) 4gl amII 4 i ^agll oL*-A_ajJI ^Lu I jLL gMJugj j^jl — 1 1 

.^lcVl 

SL>Laj£ *11 cjSjJJ ^a - 12 
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Stellar Evolution 

3 a 10:1 

Lfl^jryrkj LfrJK^I ‘t-’kl Liljj JAj <ol J y.11 *Lu ^A <>4.ijLt-uV I oljo^yll ^^lll jjuij 
CjjI£ .<jLfly <jlju Ifj jl jl ,tull uJ^J ^-S jk>^iJI 6Ju jl 

<Jjl 31 A V » 4 UU aI JUi A ^jAfiLj ^A yi II 6jL> jjl Jj iLfl «jlj a \ i-uLi <alyi^ <aLL wiJUJ 

.^jLfj ^yajJI 6J4J Jjl Aj V ^ULj #<aUo SjLLI J>aJ ^ <-Ajj-*-U Jjj ll J r/n l 

y JI ^jl ijVI l^k_j-olj Q.. I u->l £11 ~k « y ^» « UL idi&ll pLaIc jj <n"i jjJj ^-ajJI IJA 

Jj < Lj »-> LoLaj 4 q h r> Cju '» I' (<-a^aJIj 4 <jjL*JI j «<_A^LaJlJI ) <.Atlrk.ll l-Aj^ ^r>> 

^ aIjj jJyj a (jk^kjJI Lfj jju ^iJI (Stellar Evolution) ^^ 11 j^ Lklll J_skl^A JILqj 

elljj «<jLJLU 4 ,V jin \ ^J- Skill <jLa* ol j^ lftlJI <j£Jj < LoLaj ^jaJI ^jI£LIL£ Cjj-aj ^j j_j£jj 

(■ I jlul 1 Lo |ky > 61Sjjj La q • ** 1 -jl l/u^Lo I ^~U-vM a ,_ t lLuj (LjLox-L ^juLaJL 

pj ^L-^JI) j^Lill <Lkjju Ijj^ (^jl |kjaj) SjVjJIj (jjjSill <L^^aj 

j^LjJI oljl < go <jJ^1 La 1 JAj (jk^illl) Cjyil 4-Lk^o |<aj\-U nll^ j a '■k VI J^LaaJI <Lyjju 

.^LJl (H-R) JJLoj ■ uAfti <jj^j^JI jjaLuJI 

1 Proto Stars) (^jVl ^aJI) <>>,$£UI iL *ja 10:2 

JIaL ^j^SJI jLJlJIj jLlIL 4 mL f.L a_ 4 ^JI ^jl ^-t-oL=kJ! oAyll ^a »l a!» II jJL) 

<jIa juj J^Lik. i j r A ^jjSoJL ill ] J-xjj < I^JLaIA^ ^A < <h "k a amj ■ -»-» ^A LjjX>V 

* * m . ^ 

IjjLj Ijj, jS <jLk^JI JjjSLjj - 4 _kH 1 JvJ I <UjjLJI (^jA (JjlAj Ll^jjJj (jIla^Ij * a (<jjlc 


|A A^jJI <Alla 4 -V tV. 4 >L . ..II 4-a^jJ ^JaJ^J jjtil A&VI ^1^ A*k4ill (^Jj VI ^ AjJI) 

L^v ^1/LA-jJI ^Jl Lyle I j * A ^jJjVl ^Ajj I (JajZlJJ I < Jj I JA <aIL ^1 LyjLy^i. 4 t jjl -v "II 

~y’i H ‘ fc » * A. ^LUI ^j-LLlA <jjJck» - idk>Lk ^LljJI (H-R) Jj^Laj ^A ^juajjjJI fjlllJI 

Jaj elljj J <6j-41iLa 4 vki.. 5 4-jyjJ ^Aj^j V I 1 ajjjj <a1iLa£jI J \f J jA*l * a a ^jL ^JjVl 
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la-k ^_Lc (H - R) UU-* ft 6j^laj jLulq 4juIj 4 tftilnll 4 aj3j~o c-Laj £-o 4jajI 




4 1 xu\lL> l j_JL-l-qJI J^JI j ^j_Lc I j_A j iKVjj ^^uiLla 1^1 Jfr«nVI ^Jl ^jj-aLc 

J Uj lAjjJaJ jLiU jjLfl JiV! jl ^IIO I till 6^1allil ^ ^-fl La! . jha i till 4 \~?\ 1 

£jIaa 1I JaA. IgJ^A^aj LlLsI jLuall ^)l 1 ‘ J * V jSkJ * ti^LI ^Jja£. jl >ua <7i 

4a*jJ jljjjj 4 KJI Sjj i ■ II ajjl 4 a.Laaa L04 J5l Lu>j 1 Jgj* luuj . ^-j-uajjJI 


4_»! J_j 4JoaJ ^ * ii ujJl ^->1 i \ II JaA. J^uaj i jl i ii ill L$ 1 ^ 'vUi n 


.( 10 - 1 ) US |k.rxlll <_lU 4 jj^a 1 I <AA.LojjVI Ci^tcLfljJI 



^AAjJl j^lflUl jJAAi (10-1) J&mJI 

(Main Sequence Star) ^alajjJI ^jQUI 31a»10:3 

•UouljuI^j 4jjjill 4 qLUII £-LajI <lf>-kl <^yj H £jlll]l jV tl A i^rJI j_aaJI IjLu 

uua ^aaJI i^aI* ^-fl jK* Jl 4 Jj_aaj jJI CjUjjV 4^1 <a ^LoJjVI Cj^Lc .1 AaJI 

j^Jaj lAjifc <1a.j1I 6 jjb 1 J-u 4 x -wlV ^-oj 4jjI jJI 4aj jLaJI ^jC. jcjLJI ^Ju l a\j)1 I 

^JaJa4 J>a3 jIj aI I III J-AJ ^UUAJjJI JjIaaJI JlAA. ^Uii*H frj-aJI ^ 

4oaaj 4aajI jj j 4^i^Laj a^\ 1I c. lVt.ll jjaaj ^_Lt Jaaa ^aIja^H c-xa^^jJ! jaajJI I jjfc ^jLfl 

4-ajJ jl ^Jx 4a^1ouJI CjL> 1 i <i -k II (J Jjj ^jL-laJI H - R 1^1^^ A Lf k 4 a jyj> J J " * J fl ^ Kll 
o)Ui ft ill Jj A A jl JjA dloJj jljjJ Jjl UAAJ 4 -flUlSJI J 6jlj-oJl 
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In i4i II SjljJ* ^ t Vt Vjl »^,Uu A LaAill A-kjl j j» ill jl jjJLfl «<jj^JI <jl^LaJ iVI 

^aoll £A>° iilliUj <^.^w\ll ^^jLaJI ^jUJl ^fl^LiJI JJaj 4ajL LjL_$ < Ltwjj Jj 

£jljJI y 1 ~i "ill ^ ^ j dLijjj ^La-jJI (H - R) Ul^"k a M-Ja ^Jc.^Ll 

. lijAfc uitAAia l$_»V J aj^ *tJl I j-A t—ftiAi *a ^_fl ^A* £it% Jj -q Jnm aJ J ttJj gjj 

6j I tl C, ill^l^Ii4ll * ^1 % jl 1.1 j u ^Jl £jLlll AJ^J^6 (JI^Jo LjjIj i^> ^ a^lll ^ t tl JJ 

pLljj v^L-y A_LwJ^o 1 .va~ LaJjljj ^y lit Jikl J ^juJj_AjJ! ^yn 5jUI ^_fl 

4-Uaitl ^A £A^.JjXJ- 4 JI L/^ ^ fJ jL * t£ > * l A - J f V 1 " ^ 

.( 10 - 2 ) J^l ^ L£ i^LJI 



HYDROGEN 

BURNING 


S N 

' # 1 

.V 1 


750.000 

MILES 


HYDROGEN 

BURNING 

SHELL 


/ OUTSIDE EN- 
1 VELOPEOF 


EEN- ^AlA HELIUM CORE \ 
° F (SIZE EXAG I 

3EN W\V qE RATED) ; 

/ 

/ 

/ 

2.6 MILLION MILES -«*—> 


AGE 10.3 BILLION YEARS 



jkaj wuSji ( 10 - 2 ) J&JJI 


(Red, Super Giant Stars) SSMa* iL*10:4 

II jXkAjo dlLjJb Jj-au M-fl ^]u 'VJjJj f II Jj-fijJI J AjI < uj 1 a,\\fc 

jlL&IL f^yA l (j ^ aJI) a i L-J Jl a iti \H 1j_u i l -^Ji 

< -iLJ Jl A-ftkltl (j'U La JjJ-aJI (j* w () ^ ^Lojjl J al kuij ■ jJaJI L-ium 

^U3jl ^La&VI LlA .jkAjJI - CL"k1 ^j 1 ^0 ?"JL? V J 0 ^ ^-fl^LaJlj 

ni l ‘ >v ^ » (Br 3 kjUJI t_A^LaJl ^ 7 "JU V , V ^ ^ SjIjA 

t ^ 11 (JaIaj ^yA 6jj Tl I <UL$JI <aUoJI JaJLjj <^a 11I <-ul J »j jljjj .-k 
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jJI 4-flLl K A uUA, Cj\ jII CjlJLa ^Aill JjAJ ^Jc ^jI jJI jjjl ^llI 

**wVt 4 tAkiit II Ojlj^ <^jj (jLi ^^all JJaj £-aj < ilalo IjX. La ^jlfLo 

* 

(jniij <*JoL-»Jlj Li*<it SjjLJI l>° £>JI \1a Cj\ I 

LM<ia j A-kl 3^Ur. ^1 jA^i\ ^^LaaJI JjL^JI Ifl aJauii <aLua uauu 

<jl »LU II . IjaaiaII ^laJ ^a 1 fla * A 400 Lfcjla^) frl j^ ^JI ^aj Ja-o <Ja£ 

. La^A-C. jj-A <£_^[ <i^,jA JA -\ I ^ V A CL |fc^\ ^J| ^J^VI ^aa II <jlj JIa ^lAitlH 
^jOjVI ~v..^r> ^JJJ <j, ~k. i*i1 x*j QI In j -h II ala-A ^jl uiAr\,i aj_L» ^lnm*i in LbJaCj 

^yt <j-kJrk*4ill jaaaLII 4-abjJ uaai ^_lc Lfl-fljjj Laf£ dlaaaJI ^Til ±nj 

Ut .Ux^ 50 ^Jlj^a U>5 sJl^ j| OILa L^j 3000 ^Jl <11 La 6000 

L^jL^jjJI ( j^a £j\ j-tic ^Jl^x ^Jl Sjlj^aJI <^jj £_flaja uaa. ^ <uiih.l jJI <aU'l1I 

t j -y £LaJjVL 1 Aaa i^al jJI ^jjIajJI ^jiLoSlaVI uu^n < ttllnll 

^jaajJI i <jA ja^I ^}Laa£ ^Jojj 6jA J jAa-ifl ^j-Sb.] pAjIl iJJj 

JJlaIII jjA jl^lal 6JJU jaaa jl i L-aIjJ IjAi^a ^ a*ill ^alata j ^ a «till ^ja JjftaVl <_fl^LmJI 
^JJ i Mjki ilj qj oJIj C£~^ **^VI £-Tu ^jl 4 _jubLuaI Cj5Lc.IaoJ j^ftt k> ^ ^^zu-LflaJlj 

.(10-3) J^ii«ll LaS ilaU <jUo ^5UajI ^a jjjaJl JLx>lI £-Lj jl ^1 (^>^1 



. ja^I ,3Mac. waaSj3 (10-3) J&mJI 

v> )-A ^ajl^ ^jjl^a ^I^A^aJI <illaC II <1 ^^a 7w \ 11 d j-A > alV^^I jAju 

^a 111 <adkjLaJI ^LkAiiVI ^i&AAiaa Lfl^a ^a^aJI jt LfijaJI 
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jl jjj Ajj^JI Sjlj^JI jti jI \ ^ II y » ill Jx Li-ill JjX <jl frl aJjiII Ifl’i a^ 

4jjJ» 1 ^ ojn I J ^ »j .ujlkll JjjjljJI lS. ir^j V jJJjjj < I j-ljS <_fl^jaJI J J a~u jl j_jJ J^*7n 

jij»JI J' J $ 'I jLc- ui^oL i-ij a. <jX! 9 J£l j-t i u^i j Lfl II 

IjIj * j^ai* a^L ji^j I jl Jdl) Jliil jliJI J (degenerate gas) Jo.!* jli£ 
<1 ja m a a noj 6 j^ jju j£Jj (Helium Flash) 1 1 * ^ II jAujj 4 Ja<JI & ja ^cjjj 1 al> 

jkluj <Jj a> U JJ-aj ^iAJ 4_Lflj_aJ1 <GjlJ_a. <»_jj_aJI ^_fl £-Jjj-uJI aIaJI £ Lo jjl 

axJI ^-ajJI ^_fl^=k jLfl Ajlf. e-Luj <JLula Jjjut ^aJj^JI ^Lojil j Auajj <i_j^ 11a 11 JajJLjJI 
fj^Aj Aj^alj j*j .A^jlaJI AxliVI J S^J^A jtjJJI LaIj j_*jJ Jt £^*1 

(H-R) lalaa-A Jt j j}Lo-C- Jl ^ i ujjtj ^jIjj j-o 4-jJj-aall 4 jl At II 6 j-A jl i n.n J^u a~> 
^ *-u-QjJI £-»LLi]l -La. jX AX^Lfll A Uft‘> j*a ^ a qjl ^Jlj Jt5U ^uulj ^^ J' J dl 
aLaj ^1 Aia^oj ^a 111 ‘UajLJI 4 olrVl 1 ^ to JJjajjj ^j^jJll <_fljaJ| l^_iA ^jaki 1 ^jJI <iajl 

.Turn off point J>^ill 

(Variable Stars) (^LAjUJI) 5pLx>YI 5j txVU iLkjx 10:5 

"y ill aJ^.j_a Jl j^La-tJI ^ajJI 4_Laj_A j^o ^ J y ^ jj ^j_aiJI m * g. LaIiJI J_^Cj jJLl 

^1 IjJa^j^j |Aj a^iII Lftjljil ^A Cj IjjJuJI 1^15 ■ i> ^^ (LlAjUI) 6 *l I djjAoil 

LoJit fl A^h >11 ^^Ixt-ull ^A jjalll ia Jl £_ljj ^ajJI Iru <il 6 ^l^aJI Aj^jJ j_i till 

jl_fl dlj£ . j^ a > L_a ^ i ^1 L-i*aj| 4 -w U „ , t 6 jl^-^. A^a^jJ j^&j La ja $1 JauJI j j^ j 

^Tk ill ^r In a a 6jljA. A-a^jJ ( J jjl j_JLjJI ^a AX^I^jLa A iAilnll AjjjJI ( J qIj JLlll 
£-a A Llfl A^.jJj jJaJI ( J JiU V |k^k\ll JaA A-Ja-kJI 4 nil ^A vJLiI^-jjLoJI Laxu 

J jl J*- l*i-Aj ^Ja**Jlj 6 jlj-JiJI i=kjj J Cil J -uLll I 

dJj . 4 -vU... 6 j|j^ A^=kjJ CjIjJ »">H Jlj ^AaJI JaJ 1 fluVt ( J olj Jl*t II Jl JjAJ 
Sijajll A^jjLaJI 6 j-d jo *i aaiJjJ^aJI jljjT^I aI^j^a Jl J-oj jt ^ ill jl Jl JJ-3LJ 

J^ I a^'i jl .^jl^JI j -^* 1 jlj II JikI jJI Int llj 4 alr^VI ^Jf. JikljJJ 

^J-a. Jjj lit t^ill dljSj AjjLtJI 6 jLLI Ailji^ jlj 1 jltJJ J^l jJI Jax^kJI SjLJI 4^ Cl\ jj^j 

(£yA i_il A jlj Lft Ja£. i JJ aa]I 1 **u ijI ~ - “JU v 1 ^ II jljjVI j-a JjuI aJolAj Jl JJi^JI 
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(jljjVI (J-a JJLil <JnV> Jl Ja-tfkJ ^1 Jl ^ytlflllL |k^\ll 4 aj jljl 

. JjJ-= w I ^ I nfl*> 6jjjjjl JjLuj 4 LJU In a Aukll fjJ &Lfl (JJkJjU Ajlll ^-a.j UXuiJ 

Jjj <jl ^jlaaIoj <wlJK*> Ofl (_ff ^ jjo <j^r* i’iII JiLk. <5llaJI ^ya "\) J 

^jalAj ^_Lc CjI aAjlJI iijXik. nl J II o £-a Cj 1 i A n 11 J_>oLkj J-^. Jl dllj 

JaL ^yo iiUcJI JUVil Jj a .a J jJjjj . La LLjk. Oui unll 4_SUaJI J JlJLj A^-iJjJI 

(Opacity) i 1 uljVI ^Lalxll . 4‘n a O 4 ^ui^AA> J ia*n jjl JLj 4jckjUJI 4-ilcSL ^Tk*JI 

‘f^ 1 ^ L M 3 jJ^.1 J 5 j.tiiVJl CiLcl a 4,tiVl {ja 4 iAi Jl I 4»SUaJI <X4$ L^-jU A ittll ^ J_c) 
jljJj (^1 ^ <A^ JaJLJ 4 *■ ^ 11 <1 Q If VI 4 flik U 4 H^Lo 4 ft aU ut *M> 

4 * itiVI j^>Iai ^ jJl^j He+ JjOJ! ^jL^I «■ j tliA J4-iLln 11 4^=>UI 4 flJn.llI ^_fl n nLjVI 
jkj tit ^ II JoLa A jLcj .Hc++ ^Llll jL!i ^ iLi 1 ^ 2 i 4 L^aniAJ j^l 

jlaJI {j\ 'v ml ^ja Vjj (>all d j-fljlll 4_5liaJI IfrjaU aa ' nV < l^_» 4 In i^k 11 Jolill ^pa J^jI ^jjLjJI 
dLLuj -y\W ^j^LaJI j I j fl *i am I jkJX ^A Liu 4i,tG 11 jaIi J1 4 ftln ia jjLfl clJjJj i^jLaJI 

. Cj i ^ I 

Cj-aLL ^ -s.\W J fl la jj i j Lilli |Lu * *o V oLtl a <t«VI JjLfl <4 _lJLc. " > * ^1 I cd>Lf^ I jLfl 

*_fi^L&JI 4 j uiLujj olfcl a JuVl ^Lfl < I J^k. Sj Juo " uniC juL^ I jjj ^jJft 4 JI 

0 

j ^ jjl “t-Q jJI fjxiAj ill JaA aAjI I jLfl .^^lo-i-oJI til * Lit ft ^A^kill 

4_ftic.VI Lr lt La ,A> - j^Iaj aJjI^JI <1 tf^l 1 itiVI 4_5tlaJI (jLfl 4 _JLc ^JLJ—i-uLjVI 4 1 fl 

.^■ATk tll jlj-ttlx-uV iajiUI 4ilkJI jijju ^ lift*II A . jk^k tll <X2h.jLkJI 

4jAjI qIjLiha 1 ^jLljJI (H - R) LU^ a ^ lc. ill aLua. 4jj^1ouJI 4 ilajJI aJlA Jj-ajj 

4 ftlViat Zj ^ 1 hj'i^JI ^lujl Ja^j mi ft! II tjfrj La 4 aU\t jL hi II 

jl IjjIIj c^^jUIj i ixL Jl Jj-a ,j5Ltiu 4 lAjlj ^>^4 fc m"i 1. 1 n *k < jlj fl"> 1 1,VI 

l^j Lfl^lll Jxa (^ialla jofi. JSJLi ^jilj A^L^VI Aj^Jlxa^ Aj A A * a £u*l*oj 

Jl Jj -k JJ J-i ^jjl (j_^JjSJI Jt ill LJ^a 1 Lajj cJJ j Jfi. pLuj t A J J rj 
J!Lo ^■^11 ^ja ^j.a .1 J^l^jl dlllAj .4 i ^jUJI 4 air Vi ^_fl lQ II Sajj I o t J > i«J 2 jI 
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,(0.2Mo - 2Mo) jju L« 6 ^JLo L^J (T-Tauri) ^ jJI 

^_L ^yjja&ja cJI j La LJjI ^x^ZkJt 4 fl i II jXJJtJ L$jl ^ L 6*L-oVI SjJJoll ^y ^ill 

£_>LjliJI Jrfc^ ^Jl i J ^ juo »11 l ^ftjjJa ^_fl ^Jbj 4 jjI jjl L-oL=JI ^-Lc I jLaIx. 1 LflUo < l i n 
C£j>^ ( a r^‘ (gT^ jLlX-J <jjLc. jkJ-i-uj <kLa^A UL^jj '^ j, 

jLLuJJ <jLj»VL jA ^Vl u*AJ <4lai *a ^_fl I 4 J J^Lx-tlll £_a i^Xjk* u j iiL 

<1 k « ^ < L * n Ja Liil ujI^J ulL f. Jj ^y y ill ^ja cJL-A j a A JrJl J^a 

J&Ixjj t LujJI J£jullj 4-uLfclaJI Jo^laA 11 ^jAJU 6J *I> <ajua klnLi-nj CkiJa CjIjjJu 

^A LaS) ^jljjjll jJ^Jll Jaaj Lfl ^ i a^ULxll j^^aJLl y\ jA jUj ^liauJI jl » LaU I I 

(jljjJ JiLk {jA {£J | J JfC i.a,.i 1 ^ L 6j A j i g j l n ll l L-A £jL» 9 « (^Vl <JU 

^jaA < till u aItiI II i *ulaiiill JL^Jl! 6lui ^jl ^ la II £-a . t^ * a k\ ^j^jJI 

j\o .01 ^ja j^^va.11 ^ i u J^LJcll JUJLl 6 JxL Lolxi <^Luo 0.4 

I ^ ‘ y 


(White Dwarf Stars) (a^SUI) 


^jA A Jj J_C J-QJ jfcJA.il I (jl £t^»jj fjl ■ ‘^J I^AjU ^LfrJI J J . JXaJj <jl 

JjjjSj £ u% ) ^ajJI jfcJjL+JI ^J! ^Aajj Jjfl H J^Lajjl £jJaj £urfc rLjjjJI CjL^.LaOjVI 

<jUoJI ^tjj| L aQII jLftjI4ul jAJkj r (^-lxljujJI ^jlllJI ^a jJI 
^1 La-a <Gj! > k 11 5jjI jjl <OJjLaJI ^liUj <<jj^lll 

LaOjVI ^lc Jij aJL 4au^Jll <j^.jLkJI < ftlfcVI ^_fl (j* 7 -Jj v 1 4 II ^ La jjl 

< a^VI (J^LaaJI <iy* ^a^JI JjjjSj >_ij^) ill Aoj^jLLII <jLc.VI JJqjjj xQ II 

i (S j ^ j < a a ^jJlII) Ax | II ^ La jj l 1j \\ fl ^ a a^jJI v_I Lot 

:^LJI oVjLII LaS JMO I 4 IK ^ ^IJI r ^l iJU ^4 
^fe + 4 He 8^^ 

^He + 8 Be ,fc 
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or 4 He + 4 He + 4 He 


■> l2 C 


jrljjV 4 ^LsjjVI uiLIfcC 8M 0 ^jJI <JL=k L»l 

Jj**l *> t ^-fcI aj ■*“> til ^ ^_fl jIj^ II JjjBj *I^Lj 1 .H i 9 << ljVi 4 j^jI 

LftS ^LaJjLi ^aiu* <_JLc Ini <Allj 6 jIj^JI j <4_ul jJI iujLzJI ^jaII 

:till oVjUII 


c + 12 c 


► 20 

Ne + 4 He 

4 He + 

12 c - 


* 16 0 + y 

4 He + 

,6 o- 

-> 

20 Ne + y 

: ,2 C + 

12 c — 


23 Na + p 

,2 C + 

12 c — 


23 Mg +n 


In* *Allj ijl ^1 n ij AII * ' A^ill ^_fl / t » j)5Lll t-1 ^ Vi I J_xjj 

* * 

oVjL » .II i -a *N l‘i^a» ,'it .nll ^l_ajjl yjAJ k -1a » • L&jLjlu 4_jl1c Lu ^Jfrl 4_a*jjJ 

:iJUI 

20 Ne + 20 Ne- > 36 Kr + 4 He 

4 He + 20 Ne- > 24 Mg +y 

:<jJllJI <JjLslLI ■ 1 iliLc. <£lL Cjlj CjIj> jji <laj-L»l^j ,'\ q juJI Sl^ll JIaj JLflj 

Y+ 20 Ne-^ 16 0 + 4 He 

J-ij_>-li ■(_SJ_3.I 6_>-a »— -> 11 ,_fjl 3 i ^'Vi iliAJ <^jj_aJI (j-i ,j t-illl Jj-3j >1 f V i I J-»JJ 

;<jJlHI <JjLn_LI LqS ^ ^ > ,.<Vt <jjj| ^LajjLi m i*1 jJ O^Ija, 

o l6 + 0 16 - > si 28 + He 4 
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<Jjjl jj| ^ I ^lj L ^klfl“ ulJ "kj j^^~y aii^VI JjJjJI pi fl Til Jj-Jj 

:<JU! oVjLxi! US l 


28 si + 28 si 

- > 52 Fe+ 4 He 

28 si + y — 

-> 24 Mg + 4 He 

28 si + y _ 

27 AL + P 

28 . , 

27 • , 

si +y — 

—> si + n 

28 si + 4 He 

32 

_> s + y 


1 a *S ln» uTj ^kl ujL^jJ JaX- < i >Lo^l Cj^Lx-Lftj 6jA| J-5^ 

:<-uVI <J jlauil 

32 s+ 4 He -» 36 Ar +y 
36 Ar + 4 He —» ^Ca + y 
52 Fe + 4 He—> 56 Ni+y 


*^}} 1*4 H (^jjySud ^\i a ,jj d _l II ^UoJjVI 1 .XJJ (juA 1 u ll£ <JL^ 

^LftJjLi £.g I u t ^Lc ini i-r>J 6jlj-3h <i£ gJuu ^jjLaJ jLa^-jI tiLlj * * »JJ 

jL^I ellj wiSju < 3 -° <^lc.Li <JoLaJII Jj^ jjSJI ^^jJjl^JI 

s—S^LiJI £* LoJjI v^jjUaJ ^jj.i iuj < Sjlj-^ ^UljjI <jlC < JjJa 

(JJj *U£. y £H ^LoJbV <-l 21£ j-uLfl 6 jlj^ Lai * o^JU-L^ll ^^jLaJI 

UiJaiJ <Jj£*a ^^jLaJI »l 4 Aa 1I <JAjl^Jl 4 fllyj •"> ^AaII jIjJlTjuuI ^J-C. 

liAj <c k^ijVI j_ju SLJiJ Jl ol^ Planetary Nebula 

(jljjtfl \ *kj Jjl ^Jl <Jjl jJI <Laj jLaJI ^J-5 j_1jG C*AJ L ^klfl*ill jick^AJ 

JaL*^ fjC. 4ju till!I CojLaII 6^2 4ajI jJI 5-ujL=JI 6^5 <iiiA (j -' 0 ullujjj^ II 

^LaujkJI ^j£. ^2 ^JjL <J*2 jjfcj ^£JI pLja 2 jil llA JVuj jl <l^lLI oIjjjjSJVI 

■ ' i-^JI {jA I J 0 IJ ^j^JLJ ^jC. AA f. 1 t‘i> 1 j frlliVIJ 6 J-A.1^ <iflkLj aIIL 
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ktJ ^X J-J ll* 1 ft I i.l "h * Ti V H 4 l"i uj^ <j' <-lajj_i-L I JJb ^jIjJI ^JL_L_jJI 
JiiVI ^\II <JL^ ill Loj-£ ^a 11 I ^11i a 1 ,4Mq 

u*Jaj «4 jjj a 1I 4jflllaJI ^Lljl . qoj^j J A n Jjl J« ^ <( jn a *ljl <^a 

i^/a Aja ^SajIIxhj^, 1II JjijyVI ±iA L»XX VI *—S-fljAJ Vj JljJ^w ^ja jL^j jlj ^ >1 

<(^JjL Ijaa Jjl&j) <iaJJll oUj^aJI Ki^ <1 llLJI 4ajLL1I a^bj 4aj jL^JI a^S 
poAj Laj 3.4M 0 J3l^ 1 .4Mq u - * j -} ^1 ill <ll *\ ^jl <Ljj-ut jjI^jVI I j-A 

. Lujijj^jj ^fc.ill 

l jju 0jIaJI jLaaII jl j^ >VI ,3.4MO j^a j_l^I ill 4h^ I jl Lolj 

Jjjjj JxA. <-L-olJ-I a <jljj^O >‘Jjl ^Jl jAXMt) t-fl^JI 4 1 ^vLoAjVI CjV-XLLjJI 

.^j-ujVI , r iii.lL ^X-Jj I v ^ jj ^jLaj Jl y.A CjI J pi iAflll 6 J_aL& Ajjjj 4 Ja£ ^Jl ^aJiJI 

OjL^A ^Jl <LAjjJo ^aJI L+J jAJ ^jJI < LA-JOJl 1I ilj^Vl (jA* > ^-L Lq-A ft * a < . ..J 

.(^11>U) <AjlaJ.I 


(Nova) (ajubdl Cilj« wall) li^JI SybUi 10:7 


i 6 jIaja OjAiAA jj S wja aj «Sl fl j^Joj ^lll 6 JjA aJI *j ^ a ~ M ^ aaJI 

jl ^LV LuIa ^v^lajLuJI ^ fjkLjl 4 jUa>J J V—Ai 5JA wJlVj 6 j4iX jljlaj L^aLjlI 

jL-ojVI O-i J AxJ^ . 4A "kV (]/Juu 4JUA> J^La. 4fcjlft14i Jjl - fc ‘ 4i V CjI^-a 5j«uf. ^)l i 

I,UM JjJ4ti.ll i-4« /All <l^.jAJ JAJ >^iil ^iUJI ^1 J oiliJI 

^\^ln44i II ^J) 6jLj ^Jl Iaa x ± j /^& 1000 ^Jl J 4rfV> A-5 <Lfcj 1UI <jjLc 6 j lit 9 i fl,\ 5j 
^ic ^Ll^VI 4iuJo Jjjj <4 A "wl jJI ^aaII 4jjli jl -w a\Vl Vj (^aoIj J^klu 
JIoLla ^ja 4aaIj «JjjVl (jjHI ^3 -^a 4jaI^1a Aaj^dL^IaI Jo^la^. <J ^uia ^iwL-u jlJLi JoL^a 4j1 
aIa ^ U^lJI wjja^ jjiu jjj . I 4 J <jj|jx.^jjj LUoJI ^Ij l^=L» 4ijjJaII jliJI 
twiVI £±lZ dl^A-fi ^lx <6JuJX CjIj-a 4a m A sii 4 ll ^ 1 .4 <jA j x ^1 4 otl^ jj fi ^ jJI ^aIJI 
4j^1a 1I oL-uljjJI oaIj . IjA JS 4aJj^ ^ja 6 jji 4 n 4 i au\ JA L «ol^i« iJI 

LaJUi . 4 ajLu 4AaA^JI Lfl^jJI <1 a^a-i Cj^-a ^aJI ill ^klrii n 

>V1 ^J-ill ^lx ax jl) aj jj Hi jj ^^Luu ^jLx ^ja 4jjIJlII ajLLI U a *aj 
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iVl Sjun 9 Sjjil <JJJJ Cj^LcLfij til Aajj gJhj-UJ ^jr*. JeJUAJJ LfljLfl 

Li JL,VI Ua’lILi JjjIaJI ^ LaAill olji^ alii £^iJI I jjk ^XJjj <jLa—ftiVI umu l a- ft 

(10-4) JUJI 



(Super Nova) (^ aU « 11 Olji'u.iU) o jAUa 10:8 


9 

^jJIj 1 1 „L-^k < IJ ft *111 \ 11 jAaj ft a JjLfc jl Ai Q> ^ ^£. ah 1) £_Iaj 

^ aL 11 l^a"i< 4io 11 ^1111 Ja^ajJLi djlc ^C.Ajj < LajaI. <^jL ^jj| 

iJLa. jl q\VI X v it. Jbjjj (j* 7"JL? v 1 <] ^ 4jj-fl ill » xjI L^_fil—vUI j > a ~uj 

LIa *h ^a 31I t. ijli <6 ^a ^JVl * ** r. 1^ "k i LfljjJI <JUw ^_s Oxui ^jc. lijjjji^ xiJl 
Ij^ftAa jUJLiVI IaA Jjluj <(10-5) J^aJI Li O^aJlI J-Ll ^o w Xi, ^ L a <£jjki 4-Jjlc 

jj aTi 4 ih^ ^JaA >0 v * iliJL a < j ^ a.Vl jiLajJI ^_fl ^jLi 1 jJ ^ JkiII dL-aJ 

^y \Y> ^jl ^11 gill JaA ^^>£, 4-ajLJ! 4 -a.jJI <L_a»j_A 4 a aju i»l *<aftll * ^jLujj 

6J-a JN ^ JjJ-aJI j-fc-oLlc. L i <4 _Ajj-<-uJI 4jj^jJI Ci^Lfcl ftjJI J^La. 

^AJ Jaj-uj 4 ah A. 11 «LjLa-kiJI ^-i^ollaJI jl liu^l ^_Lc jLk-flJtVI A a ^ <^JLcVl jLa-JbVI 

5000 ^Jl |J <AJ <£.j-i-u-» kil^ AJJ |U^JJ« lill LLi) 6jA«Xa 4 jjLc * *1 A a*> ^Jajj . 

jj ij t (t-l < all 4a flJI j] jkL 2 hjJi) \ al « a LaahA jLaAjVI AAj nil / 
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O-fciiVlj La La* < * *ti1 <-fll L t (3>^ ^ 6jj jua 4_iUa ^ln* a 

^jj mil LLL {ja jjill (Ml) ^IUjj-uJI jjuLajj «^jijJII frj t A11^ <\\ 1 1 <>11 

(sS* *-1j ^ *m = -6 ^^jaUqJI 1 ^ fcjlttAAi ^1 j ^ 1054 ^Lc cue^ ^lJ! 

ol J <J$jSk ^ 1 572 jklx, ^la£.1 "n lift r<lfllA. <1)1 \ t*r* <1 ft 3& ^j*o.ill 

^j^L^Lo ^jjxu ^_a »L>duJI j j^-I O^J <(<jLiLli <jJI jLxil) 

f 1987 f U j^i I 


LoJ^C < < 1 1 Vt 11 “y\W <JL=w „V.rw..i 11 Jl jL^Jl>I OjtJI oLLuaJI 

jLiJI ln» * A I Jbi ^ II ^ Ljio <aU» a ^ f La ^J^ ill JjSjJI JJLu 

^ido^uuj ^jIAJI ui^ll <^4iu ki.4i> ^aail jLfijj fCujUJI Ini io fjli. ^jJI ^Ll^IiVIj 

jjJI AjSkj-o Ajlll JAj II j-aO-o jLyfljl ^Jl (_£ J^3 illLl <1 Uo jj aJjjj * LJj 

ClLj^j.fci.l1 j olj j > II J5_a 6 J-iJLX- ClLtt-i AU a. jj Suj <jLsh—4 jVI < ln^ 1 JS1 j A^ik. 


<d*o)^l C I^VL ^L 

oljl rv ill LjJajj «jl -s. a/V1 <]g^, j <joiu2i <j^£[ 3.4 ^ajJI 4-tf* CijL£ I jl <4_i*oLk. 

6ja J jjA i Li^jjjjjjJI 



(^jOJi wji) uy. J .j...n^u...n rm.y> juji 
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{ja CjI j 11 < JjVl inAilL ^C.Jj Ujj^jjjuJI t j-a J^l £\JJ JLulj 

^j-o 6 jLa <iit. C Jrfcfl -uo IjLfl (jAul ^>jS 'V _* ^SLi ^llaj i^im itill 

> j-xijjj Cuilt jl | \ 1 uij Mii< jl^u..I j^La j a ^ ^ja jj >jJ 3^1 jll *1 1 

ij* a>j(j * *fl 11 i»la_kjl ^Jjlj <iula jxaljj <<1 jLa <jUo I jj a^cj La^j LjfLo 

.(10- 6) J^LlJI La£ 11 UjUl^l ^lc Jjj La^a 



Jj¥l ina til Ja li yAjj^aJ £j±axuJI j Wu Jlu (10 - 6) J&JJI 


f j^LdJ a^t^JI jl^bVIj ib^ii 10:9 


Caj^JI jLt+il 4 _lA_l^ ■ Q a Ljki II p Lj aiII ^Jlc. ^ 4oj 

4 La Leu ^gj^ jJI JL - u\ tilt <U-jljJI <jjjL=hJI (£J-& j-»jG Cx 

« 4Aa1I 1 —^ L IjLoJLcI 6jUI ‘ °J HOJJ ‘ k> j a. i^l-La JjjA 1LS j utLc. t _ r l£. 

<jjUJI cJljjlaJI ^_fiL8 C^JI SjUll OujJoj ^Z\1^JJJ^\ JjljjVI 6J l J-t ^jJlj 

oLjjj-liiyI 4-J_i £jjJu 4J 1 1 K j-J j_fl ^ * 11 \\j ^ y\ Si jLiJI oljj jJ jj Sj 

1 * ^lc.}LI ^jVI (3° gJj*AjJL» (IiIjjI 4 till 6 J-A SLoJ j . 6JJA a <5Uo CjLjjI * it a 

1 « <Jl£J ^JjJLil 6 Lao I |j_£ La ' a^JI (JmAj La-^J L^-Ia 

1 ^ TatL L. ..j" a j^ajLajj ^jLJ iL »" * 41 VI 1J t 4 1 — 1 *iia. tlLljj ij_k.Vl ^ju^Laj 

i-AAjju ^ ij jJI Jj-5ljJI pl^Ijl Si£.j ijLaJI SjIjA J jtiJI oljj jft*JJjSj 
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11 ^Jx (jti<4_LjjUJI (£J-& uJi uj < l J-lUuJI jLkJlj ^ 1 ■ i uVI 


o L»j -KJVI CjIjI jJL <i_■> « j*Ua JjJ V jj^aA-JI l a^> X i (j-* CjIjIII u-ijjLfljj 

^_a oLj^jKiU L^j a *i>LI oULUl ^j-oj olx^*JI (JJfljij SjLJIK Sl^lll JJa. 
(Degenerat Electoon J.^\ll JjlPKJVI jLiJL <JUJI 6 , 1 a Sj111 . L 43 Ijlj_o 

<^Vi l-uijJu dUl^j ^LbiiL <jjjVL» <U-aJLI oLHjllI oLj^KJVI ^u^ <Gas) 

^jUJI JJI JoA iA 11 jljJjl UK i l jjx Jj 1 aJI jIj^JJ t< iLoJI CiljJJI UK 

J Jl < UjajjJj 4 aLKlI jljJp -y\W jlj >^J i L^JL-sl yjz J» uUJJ J Jl 1 j i\c 

Jrfcj *.0 £-a < (^jLUJ 4 11) <Ulll CjLjl^KJVI jLt U» * A ^j L-uJLi l Ajit ^iUKiVI 

*iu *ti <£K 1.4 J5l ji^ 111 ^Lii\ <JK culK Ijl VI iiilj j9kl» Vj <(JlJ jJJ) UoUJI 3^5 

4 jS 1 ^jjujll jX^jJI ^U-ojl J ftl JLU J 1la.-=k ,<tKll ^Jx, jKjmljllA 4 _»IjL» Jaj jjJI IIa ^X. Jjj 

jI^mIjIIa |JUJI la j < (White Dwarf Stars) Jl Ujlll ^k^allL LaIlx. ^cj3^ 

^jKaII ^lx. JJjj «IJK UK i6j^K ^jAajVI ^^ill 4 h< ^iuK! UK <Gl 

^Jx ^AjiVl fjJll] JxflJI UUajj 4 t~K II La ioJ^J U5U | m1^J . < j4m«l-/»^JI *- »I ~ ~JI 

^Ull ^Ul 


R =, 


,ti (M^) 


. jl^_lll 6^)laJ v c ‘ (R) ^ ijl^lll ^ a.jJI <JK ^jX ^jjlj (M) - L 

0.01 Jl *>j 4 ^ ... a t \ 4h*\ 0.8 4 ^_Lu ^111 ^js\ \tVI r iill (jU iJJj ^_lx. LUj 

0.005 Jl 5JK 1.2 4it^ ^Ul ^Vl r JJI U , .„A.h>5, 

» * ■ (Uuaui <JjK 1 .4 ^J^jJI 6lA t () • I ** <JK J_KI L>1 U$ j u A*Ii Ja-fl a 

. j-fij-cJI Ujll ljJ-=fc-A I aVJI 

(<ji** i\II IKajUJll <<_»jlx. cjUUo UK J^lo jUI 4 JUJI <Jj 1 1 . a Jaju j 

5 :<5^UJL 

T 

p = kp 
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. jliJI (p) j (jiuli (k) j U< (p) lu% 

:< 5 ^LxJL» 4 n* Mill IfLubvill <JUJ 1 CjliUaJI jJ J^jJLl jliJI Jr>» ^r\ ^jajLLi Iaui 

_4 

p = kp 3 


p=kpT :^i ^Jlill ^LiJI <Jjl^ U 


iGlfill 1 jj $3 ^jJI *11 4 n m\IIj Lolj < jliil 4_ail=»ll Sjl^JI 4-^.jj (T) k ■ j^ 

Jr>i jjV j fl~i < uj (jjul n\ i)l I (jj-fl 4 v t ua 1 1< 4Jl^ 1 .4 

(J/u 4 Uj 1 mil Cj Uj L p UVI iaJS 1 A hf j <4 jjjIaJI IqA in 4-ajLL-o ^jIqjjulu V I CjLjj^jSJVI 

4 JI 3 JI <LUll L£ 


p + + e"-> n +t> 


ujmjl* + 6jlP^!-> oJlPj^ + 

jli. jLfl iijk. < 3 ^ / ^ a 10 17 ^ ^jl ^Jl Ll^jjJj 4 i A a>jJI 4 _flUiiJI 

J^ill jLc jjjj ^xuuj <^JI e-ljj^d Crylj^l i» m jj~j^vll 

<Jj^JI Cjl j 4-iij^j^jjJI ^ ajJI tlLLuj < I j Q ~ ‘ ,i n I a Ll=Jj UoA 

^Jfc ^ ^k\ll 6JLA I (j 1*^*" 4_tl^ j; <l ^jU fifcll £—o idjjJLi^o ^>jaa ^Jl ^Jd^k \\ Y> 5J j 11 
jU <4 A.I q-a 11 < 4jl<: 3.4 3* 0 SjlfAil II Ja.1 4_tl£ Cul£ I jl Lot . 4 j i *4 a i ti 4_tl£ 3.4 

^i 9 Jj jauM* <<j_jI jJI 4 *j_» jLaJI 5^5 _j_ijC £iaj 4 * Aaoll 6 J Loll ^ujSllIj 

* 0 

£ 1 i^JJ 4j0 ^ ^UJ^J ^jl ^^Jl l ATkMjwG ^AjJI J i '4 ^ til 6jUI 3^ AM *\j -Sjl^jfc 

<4JjLa 4^ahjjJ 1 (j ^lc 4_u jL=kJI 41 r j| 4i^JU* ^i£ <1 jLa 4 1 a*\ 4j)Lo^JI 

J^jujVI • iA^JI ^i^il 4 >If I ^a L^jjU. 6^2 {ja O^LiVI ^ V ^xAll 

.Black Hole 
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(jZjF* -iij i A* ill Jillj t ^j » 1JI »11An jJ-uj «4 1 iU <-ulC jI j ^-Aj 

4 rtlritl Jm Lj-^. 6jLc. j ^ jJIj .(10-7) JLlJI ^_fl I ft ^ oLjS-lJiJL jl 6Jj-aJLl ^jOlJLj 
L-flJl Jx-Lfij JjLS I jj < i jJ Jj^JI jl ^ tit 0 II Lot iat^ jj Sjj Lajj^ *4—ljLu < i a 

.^aJjl ujj (JaA iln.U ^^jJI ijj^lll <U^lo^l oY-tLalJI jj-A 6 ja^VI <1a.j1I J^lLj ^j^LUI 



ijAijI jfcji JIaj (10-7) J&JuJI 

jLc ia* ^-L. „\ ft “> 1 alltj II a j-A jlj a ~ ' '■! JjLfl t UiL^ L»jJ^ j L_a_^j 

Vj <j 2L$I ^aftCn - aill ^jS-aj V dUjJ iCujl a>II Jr>» ^jLLt (jj jJI «4-la-ilI Cj Lj \j IVI 

jiVl <jLi diljJ 4-flUaU IjiiAA illlLaj Yj i^jjLzwjJI ^La^VI 4xIL J^a <J 

J^jIj J^jI jkajJI - ^») (j7^LaJI ^Jl l^JLfllU £ i"u jjl laAA lnil 

<Black Dwarf **/VI ^j_&JL 14jifc ^x .jj l « * a <^LjJI o^ll <JL_a. ^Jl ^ ~ ^ 

jkj^jU AJ jJI La J-Aj JIjj-u LJU ^lc. ^Jcfciw-> J-fl J «ol^jduJI iju^J < i!a» II 6JJfe wal 

va q~ SpI i A >> lol^Sl w t ,x-s.’l,,. | j| 4 mta *ti <Jj£ 1 .4 <j-o Jli LgJ 

^La-o (< t .<1 a. till ^LjJI JIa) jlill ^Jalii.1 >lo jt tiUj ^ju j5j jj-o 

^LjJI j-a 4 in ill 6jLLI JflVt' jjLfl ^jLkii ^UaJlj djx aIu ^aJiJI J^LS I jj^ . I-Aj^Ioj ^Jl 
Jl j I > VI jkJ^JLS) ^jj^a j-lX L»l u^> t (jjjSL» ^jJl^j ^ iJI ^Jl 4 i a -k ill 
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A . A i.ll Co^ill <HaVI (JJOJ . A J » laj <Xj-*-u ^jA Jjjj^ i 4*l1T\ ^a jju 9 

ijaJI ^JLaJI 1862 ^tx xaj^Ii ^ jJl (Sirius B) _j 44 l a % 11 *lI 1 ^aj 

:^-L La »Lau 1I soil 4 ki uLlaiVI II 

0.7 :<Jj^J| Ifl J II J * A 


jMoitill 5-ulj^jj ^ja 0.003 
30000 


:<aj|j^jJI 


hi 6jl^^ kiiijla 

:>*]| i_ i*~n lamjla 


I ^|aJ 0.013 1 ^ 

^/fJkSlO 8 

<L1 aJI oLcIjJlII .*lj *n *\~*. \a oUj^T^ll 4 ° ^yrt uVI ^j^JI jj ll % :^jLlxll ^ v 
(_£jlx. Ufj Jmj ijj^L 4*\ i *ti it i x^ l, <-i ^41 0^i SjjLa^ll 

. ^ 50 <5Loajj ^ llJJ ipltijui^U J*1 a jjX <JjL*f£ JaJU 

i^JLaj (^-^4° £^3^ t mU.aua <4j *^aJI <j(xL«,i,IiI ^lx Jjjj L&a I <_£jA ;<LjjjL^JI Jt.rfc.A 

. 6CjLlju ^iJI jjlluiLV <aUJ| 4 mi n\II 4 ^j]ol11J I.LahLIa Ijlalzkl La^o 

* 

£-*Ij^JI jfc'V 1 £-a <jjIaILi l h ^Jlx :^jgulaljaJLl JUJ.I 

. ^ . i. /1 J11 ^ i [~Ti 11 *. y \ tjlillj Llu,uj ^ :^^JI iajLuaJI 

4 * 

JjJLj J_5j < La 1x4 4 A^jjC. ^->1 aI 4j-U^ 1 IlAA A 4JLklo jj lLi 4 t a t-L II 6^ 11 

<4jJI djlx > ftMrfVij < jlL» 4 flln’>A ^A ^j jLfl II jl CA^JjU^JI ^Jl Ja4^^JI AAA 

j-ufi (A) Lai i-ojxH ^ -y\W (D) Jjj uua (DB) jl (DA) 41 a jin 11 

4j>5 4-44° Ay^J 

’^ ^ ^ 4_oj4i^ ill 4-iXklaJI lajla^jl SjLjil qIluiI La! 

, L 14 I 4 ' ‘ 1 t 16 J^ZkjII 4jjl A XII ^i^oLlxJI <1 a 

4 ^ U... ^LaJI la* *All ^i_j 

Laja i La 1x 4 4^LA-ku <aUoJI ^ * La^o «4_»4^^ lA-» CjLajLuoljJI JJX. 6jJ^ 

, 444^11 Jo^ 1 ^ '1 6 jLj ^Jl 6 jJJ-» 
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(jilLailVI <yCu < a*w -y jl in I.i lmi ^ 4 mjULm a JLyo Jjj^j ( J 

Jajlarkll jj^xJLJ jkl *a Ail ^J&j (JjLajIj 6jjfeUa • y jj) ^i*u t U LtjJ.1 JL-^JLI ■ t_jjL_5j 

JjU |hli H £a « l^Aui j ^lr>> ^AJrfcll JftAJI Ja^j Laa <jj lft 1 n 4 j 9 Jr> Jajlaai AJ£. ^Jl 4 ifljJr>H 

i^JJ 100 Caj 1 0 ^jlajm <jjA 4i aulaL»A CjVLih-A AticTi »La i til jklj5VI 


10* 


^ , a tin Li *JL I <11 a 4 SjLjJI ^ , iJoiiill ^ a ill! < wiSfc 1 j_la Jj] »ULJl V0 ~*JJ 

<JUI 5-5^L*JI j <6jJoA v a u^> £^jj_a £-a l m^fc ^ <jJaLiil <1 Iaa 6^ uuaIjIj ulia 

tall ^ i a tin LulL I JL^JLl 6 4_JVji (B wc j) ^ * u Jr>L> M II <JL^a 6 J it» ut *a^ 1 


= 


= (—) 


Gravitational Red Shift ja^VI ^jjUl ^Uill ( ^1JUI (.a 

jjJI (£>£ AojjL^ JL^a J^a Jilli LaJluC. g-jJhifcll JL» illuUi^l <aL*JI < i juuaaII <jjlodJI Luj 
^ iu l, a\ i,i ,^a*jLI <Jjlo jljjjj 6 JJjj Jli tilljJj t^k xt> J jjj ^jl ,.a*« i A <-u jLx JL^a 

<Jl rk a \ jjL jj Ix$Jj (E=mC 2 ) UMaJLi <Llfll£il CjLj jijjJI ^JaAj ^ . <CLili <CLc.^_j_aj 

Jjj l^ila ^j-A jtu%* CjIjjjjaJI <j 1 (E=h'0—hc/A.) <J^LaJL» t^JLfiLU ^Joajj <a-»jL^JI 

3 JLJI ajjfc (JjLa ^_s ^jlaJI ^jULI ^ iII jjl tj a^VI j^j sjaaII ^LSlII ^LjiVLi dll j 
( jAj fr^ylrfcij diljJj 4 _~ fl lL j * it ^.utj i-SUo wuluJ^j <j 1 <J jJIjaj 

6jl * U,A ^ Ai * ' ■■ CLfl «<h^ll J Li£ ^jl_A ^ ^ aJLt frj i A II Jjj-A JlC ^Aj^ll 

^i^jA ^UjjL <aIaJI <uuuaIII <jjlojJI lLuj 1 ,(10-8) Ji^iJI LaS ^,,11 

Cjjj J-Llj I <-1 i OJ-5 < ft j, a J (jj-XJjlj ^jMjj 4-3kj J ^jJlj-a^j a., till Si jl "kai 6»j jaj ^ jJI 

irfVt ^Jl 4(^y <_Lj-uill ^Jc La ^ ^il ^UUI ^JolaJI ^IajjVI JaaJLjj . ^ iLa f i»llJj ^^ 

4 t u^iSJI (Jpj-u <jjiaj - tMUA ^JUjJI ^IjjjVI ^U«jj . Ajla-fl 
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(c) v q id-%\ (R) <dl_S (M) ^a-oloJI *3 II jjJj (\) ) ^ 

2 2 ^ 

J^a.j <JLa. <(?*£/ 3 I A jklaJI <UujUJI ilxild (G) <Ajtj f jliLt e 3 -J-A.ll 

* 

^Jtiill J^LjlVI ^JaJLJ ilu ^ ioLaJI 4 11 * 4i\ 11 ^l„\ al A*|I I J-A. (^ 3 ^ JLw-o 


isiUJL) 


A\) 2GM 

v. c 2 R 


_uf _ i 2GM 


>1ua <3. <^r> ill JaA &LajL pLa xJI ^Aill <-SjA ^£. 0jLlJI ^IdjlVI — 3 

. Lie JaIu j \a JI JjlS I jl jaaVI 3^1 ^JuleJl ia.-v.lI 



pIj^uj 3aL 3* «-»jUL» ajUxtA fjc. *yJ ^Jl wJIjaII ^^>31 (10-8) JSwJyJt 


3 uuiLaiVI Laa 11 10:11 


JLojlL-uL LaJ 333 ^ie Jjlioij -la j^SLlj iSjalIaa 6 J 33 II 3 ^jJL» (^>1 V S-uU ^ 3 =^ ^_aj 
lAjit pU^Vl jAJU ijjjjlj Ci l i\l I j J. ^aj v^u-A iAjjjjIjJI 0 L 3 S * «i*ill 

Jjluj iCkiLuJI Ouil^U jj^J ^3^1 ^jUaI ^-63 ,(10-9) J^AiJI ^Ji US CjIjUuUL 

<_fllS <^JLfl3J Jjlj ^IoJI wjJaJI tfji j-uG Oaj ftjLfXA Ua^j CiLftlaJL LlL> <AJ33J33J! ^3I 

In* <n J 3 A 3 aIjjjJI Lfiljll ^ v Ud a. | <AA.LojlV1 cALfrl A "Jl JlS-Al 
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<,Jik.ljl! 11 31 i ^_lx A ill 6jUI jL^JlLs £jUJ] ^cIjl^iI 

^jU~ i 4ii‘> Vj j^ jj ^-iJl 5 j^VI (jo l—a cjLclj-iJI a opVI 

^Jj^jjJ <^^-a JL^lo i*u ^1 j* ■ ^ l ^ Jii lui Cilil i ill I ^jluxi ^jJI) AlaOll oLj^SJVI 
^aall aJjS O-ilS I jl <^oLk. <J^I jil ixijLJI lr>M n*i iJUJI 6 JJb (l^_i <A^raLaJI 

Citj^pSJVI ■ \ i * 1 A, \\f. «A ia *i Ail <tS 3.4 i^ya Jil ^J! iuiuui AJjS 1 .4 (j\j Sjl+Jtl 


6jLo ijjS^o <xaa 11I 6jUI Jji % I» <^n ijjjVl ^_fl 6J^^jl1 4-La.jll oU^jjij-jJI £-o <jJI i till 
(Lfj Li-oLaJI i-^>>* (JL4 3 cSjL*-^ jt Jil Cryjjjj-fj * ^aJ Lo 

otjulSJVI ^jtc k> ^±S1 <laJJLI oti jj jjjjJI jlc. k*i^a . I* 1 1iij I^JS^ .viilij 

^Jc. cj 1 jJk.C LoJax ijA^jJI LUJI dJJb JSJl ^LuJI jlj;VI jJjL dlljjj <<laall 

.ixijLJI ki fan iojLLo 



C* - ®^ (^®“9) 

:^Jbj Ao j tj j yuJI ill <Uj-uLi-uVI 11 fubl pLaJjlII JJ^. JaIj 

.^liuiiit. its 3.4 Jil ^1 its 1.4 : itSJI 
.(Alts jjJx JaIu iuoj jkS 20 ^Jl jkS 10 : ».Laj 

\ / 10 17 : fclSSJI 

.^Vl ^^ill (j■■» I hLu j!i£l d **^j~* ul ^ Laij :^LJI 


260 






LflJtSj) <jJLc. 4_aIjSjj 4.U-JU jlx. ^jA Kami ^jSI ^Jbj 4 jUI jJI 4 ft J-Ut a 

(<J>l*JI 4jfcjLk) (!>”* ^^ Uaj1^11 < ikii I U1 i ^^JjL^uaJI <JUJI ^A 

<LjJoJI Uu-j <4 t\if> ijj^li > ill JS ill <ujdB uU3» CjLjj^>j^joJL> 4i\f. 4 j^j1j 

J-j, L-wlI CjIjJ jj-o ^ij Saj ,xSj i^Uol <juoj 4^ ai 44 jj l auu V c£j^ UMc 4 j^jUJI 

.1^-a.jjJUfJlj CjLjjjSJVI j 

^ic, 4^jjUJ1 A J iti ^jjo Lk 10 1 1 ^ Kjj 4,-wJn 4 u Ij-a. ji ^ : <LujUJl JLa-a 

Jjl j jJnll (j-ftj (0.8C) I <-X.j-4-u A jLjj 4it "" U-o 4(j-ajVI g-l rfc4 44 

. IjxiS ^jjSj fy\U <aF JLSjJI ja^VI 

olj *i*f ^Jl J-4-cxi I <LaJLc <-jJLa.1 jJI Ojlj-^ 4-^jJ ^jU ,.\ W ju :4 "kJru*i Ajl^k 3-^jJ 

4 aJftjji <aIxu ft jjLboJ f 4 1 Ua <x»j|j^j ^Lk <cJJ J ^X^JI ^_l^j 44 flllnl 1 CjL^jjJ! ^a Ui^JVl 

.^auuVl ^jillS AJjjaJU eA*-IL» (_£jj V dJjJ J 4^^jLaJI 


4 A J. i.g.11 4 _l)Lc 4 * ... >Ll\l /* CjVL,tx a 4 itli ^ aall ( jA ju itlh A ~ :^yt *lol iutll 4J1 "fc.A 

JUJU l+J ^jJlj) ^aJJL» 4jo-L^Jkl 4_fllaxll ^fcjS uUA 4^LiuiJ 1 O 8 ^Jl Jpi^AJ 

. jJlLuj^UIxII 4JLtU (l*> J^ftj ^jJI 4j j^X-i-Lll olftAilifljl 4Sjph 4 { J 1 *u l n llaJll 

Pulsars 3 aAjLJI q)jUJJI 10:12 

^ 4 iulallk II JjJali Vj < 1 1 J. A <fcj i m 1 4.1 fi t J^a, 4jjj^j_^oj ^ 

Ja^la^ 4 A 4« ft t jL-aLJI ^jijjjj 4 ^k.t *LJJ ^ *S1^SJI jaaj ^A US) ^jljj^JI 

Ja aj k i4 ■Jfim ^ylc a..W till ^Jlc LuLij 4 S VUa jJjjj 44.i ft jjJj ^^aJI ■ ^jUI\4 11 JUJll 

JL=JJ JajU Jj—^. dj Ai Sj jl_nil k LI d * ^jUJI a^) <ii ft 11 ^j-a oljj^j-jSJVI ‘ 

l ^ j_A 4 uSl k (F = cjv x B) < -l ^a j-lijjJ axcU uuu.% ^_J^J JSAi ^ < u_J->L l* 1 I 

4 4 

IjAJj 4 jjj* iLLJLfljij^S uiIaIa JiI JS.4 m ^-lc 4oSj^JI -L flLlo A A 1 jftJ 4 Lcjli 4i j 

I j-A J J-4-^JJ 4(10 - 10) JSUJI ^_k US (Jj^ 4.4lSU ■ j - “^) IjjjjI jSLuJ I gj ».4.4lVL 

Ctflalij I jjj 4^4 <uinLvi,ll JUJU Jo^lrt^k Jj^x <iiU 4ol a jj AJ AjU U *t<VI 

(jxj ol J 4JLJJ.L-U 4 -j^j jlj CjU^dj JS 44*4 ^Jc. 1 ^ 4 iiLlS 4 4 >\ ULk 4^UjVl j-o 4» 4 J 1 VI aJjA 
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< »ii ft> j Cy*j cjL-a-uJI ^j^J (j-ojJI A ~ x *j ^ j > a ^jj j 

. qLc. 1 1 iT>^U <G£.LJI <Lfiioall <aI i ii ft ^_lcj 

j) c- LJjJ I j-aJj 4 ifjli <^-11* 1.6 ^ U LfiLajH £jl JZj 

t 8 

-^r* 53 £-) iljjj / 5 ojIj 10 JjJLftJ J 9 J J* £_o jljjjJ J^loJ oLAilU ^jjjJI (j-ajjl 

^jC, jLA a ^3*-I tu Lajj 1 1 * 11 fl\ L^l Jjj pLxil LLLlIj I^jI J^jp Lq^o (jl * nl ill 

^HI Jaliill <JL^jO <£.jLcuxa iTin CjI ft l1 >i*% 



jLuUI ^ La. ip I (10 * 10 ) ^jSi.<JI 

jabjjto jLlaJJI 1 (j *1^ <£LoVI «^LcoJj 300 jVI Lf ^ j*J jJLlj 

jli.iih < ftK ^.lc. PSR) Jjj i^.i ia. (PSR 0531 +21) ^jaj ^jJlj 

mV I oLul J^VI j^Uoj _ A*4* A pi A*JI ^-fl O-fl^-A JjLli ^UckjJLl jkLfljVl La] 

(+21) ^lill p^Jl (05 h 31 m 00 s ) <J ->“,...» jJLII (0531) JL>VI 

jig i «~»L jl inlill -■ I j ~ ...VI |n ^ Jl n i~i (21°) f jJk - I j ~ ...VI L-^ < | j n 4j_jI j ^jl 

O AVI J ft i Iuj) - - J .^>11 J \ -*■ J i I JI^LVI ^jA I X Jjlj VLi-0 ~ d t ■ .. .Ut'.i /.Ju ^ -.1 ■ + 

30 <jI pLaIaJI VQ~*JJ . ^ LoLat 4 tin mIIj 4_ujJLIj <jjjjljJI j frljA^kll 

j-Ujj iSj >t irfTfcll <jjjjJI <1 aJVI 6JjA ^Lil <dooliw I ±k\ 1 ft 11 .min dLJj / ijjJ 
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(+15) ^Jl^a. .(cAull ■ ^ a lt^*) ^°Ij 10 28 4 i A - >1 jj J 

(j-aj <m jlnl tail JLaJtl JajJaA a t 61 ajLj 1 ^Jri^k 4 tUfl *i <» n OLfcl Jl *tl jj jSaj 

La la - (jaCLa ^ ijulallLa Ja^ujf ^A 4 1 ' irilaili CjLfcla <tiVl j lyVil 1 ajifc i tlnil 

J£ 4 *injfl (^ jljLfl 4 \j % a <Jjlj^J jjja ^iLUVii uVI j,Lfl (^^11 

typiaialoLdlLI JLaJJ 6JaJu lftii<jlaj < I^Aj >la 6j a tn 111 d^aJI Cjlaj^ja^JVI i^la^ (ja» 

(JJ *> ■ a 4 (jljjJ <Jjlj jjJ jli iiLtJLI ,^-Uj <^ l » it «VI 4-a.j-* JjJo 

<ajj^a£JVI iflU5lJI) ^j£, jaJLj < Ai-S ^lc J ■ * 4-a^jll J^laJ ill ^illnflli uVI 

4 fll VCII ^uL-Ajj .jl a n 1 1 11 Ltjl aajI Jaa. jldl .al ^.lc. ^ igjJrA Jill JL_aJtl 6 J *t> X Sj^aJI 

Caj L ^ (Velocity Dispersion) ,-u ,a ^LS <> * 

Ijla jJ^aa .<ihUI 4jua.jll JljLVl CjI J C<Lc.l % it)VI j1 jja£ifiJI Jaxj Sa\j 

uav ^jVl Jyfc^jJI <laa»a ^Jl Jja^ajJI ^_fl Ifl t (j£. jja.Cj l^al VI jL-uUI 

<>j r^- 


jLajI juLa! j xaLjJI 


iu ua LlA Jj^aj <<Ja>UI J^l^aVl Ja-fl Sja - ^ Sjl ^Ij-aVI JiAl 
. >H lA La Jaxaj ^al^k <jlxiIj jJj CjljLkaJjJI 

(P) CjI i n nil ^j^jjJI (j^ajJI 4 A^jua J^Lai (jus jLiiUl ja£ Jia> (jl ^fki&JI ^Jal<i U y Lc^ 

r dp x w 

:<J^LaJI (JlallmL (- I 5ajjcJI LflaLajl { jA SjlajJI JjJCo iijJLaj 

' v dt / v 

(l = p / (dp / dt) 

jljja L1 j t<ojla 0.03 lfllaj <j_jajl j oLlAij (jllojaaJI *• »-* 4*■ jl« *A i ^ VjlaA 

<2V-JlII Jl all iaLj < jl jaiLJI ^-o <Luta J^J <ajla 4 X 10 ^ JJ«-aj ^j-ajJI jj^a J^ojJI 

.<j luj 2380 ^Jl^a ^Jaa jLuilaJI j^aC <j1 iaj iLiLuuJI 

J a*I«*t l^j^ jLua LJI ^-a 6j jLu<all iajajljJI CjI < A nil J^ojJI ^jl am a. 

J^jLou jl J31 GjLa Jail I 6Ja^J **t*Lll (jL^a 4<jluAj J» ^. 4al j j j 

(jl (^1 4 ^U*h 4aal jJI iujL^JI 
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v 2 _ GM 

R R 2 

4_i5LaJI ■ <il-j 4~ 1~\(M) ,jLuiUI ^lai ■ i■ ai (R) i,‘|l >)jll 4 -C.jj-u (V) JlLaj itij^ 

■ (p) ^wljll 5 I tjjl t_jl.il -> I 

2ti R 

P=- 

V 

M = 71 R 3 p <25GJL> {jC. >" U tj 

3 

5JUI *25UJI J-•.« jLjJJI <ilK (p) tiua. 

„ 2 TtR 3/2 3.8 xio 5 

P =-=-sec 

(— GnpR 3 )' /2 \ f~p 

3 


j| 4jUsJI 1 a | 

<Xj nil 4 > 1 . Q~i Jjjj J^LlJI ^JU jl «u Lll J-ix!j 

u>i JUJ <Jfcljuii| 3-5 Ua ^Jl ililjjJI <JLfllia <iUo <Jj 6J-\ Arf> 


<j1 iilkJI JoAa> giuaj <x t jr Ij-ol <jj-A ^Ic. 

dE ro t dE ra( j _ 
dt dt 



= ilo> 2 = l(i.MR 2 )(—) 2 
2 2 5 P 


6 jj jJI ^-oj (p) 4 JI (CO) S>j£J ^jI jJl J (I) lU% 

.6^x1 ji\ 

:3jM*JL» ^Jojlj (L) i±>\ j^ill ^jLfl dlj£ 
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i!l=_ 7 i 2 MR 2 P ' 3 (—) 
It 5 dt 


jJP = (_ 


frja, j\ t HItII vftQ UK lULlIj cjUojIII Jjax ^jl ^Jl 6jj^xVI <J jLxi! jt^r> 


(Black Holes) ^11 iLi^UuVI paSlufloJl 10 :13 


tUU; a jJl> ^4 i.i.Aiu <£K 3.4 Uj-iliK) I 

<^111 ^Jc iujUJI cul*3 ' L ^ <(^31 jJI (£>* j-jid CjjLfjlj 

Ja. *.<u ilu,aw ^gblll 4-iHkKj I ^j_DI UIjl5wi <^jUu CjLaLjSL* j-ajj .a Jj_=wjll 

<^—iLkJI <^_» jUJI JaA-i^a UjlU olijjjjjlll £ V uoa i I JLa» Jliiu CjljjJI 

^j_a ,2>£. to ilU j-U ^jl~v 4 ^Us 

<Jaa 1 ]| ^-Aj <ja*j-aJI <JLJI ^Jl ^ Cj^L-flVI i jja j,oJI a3,t <JUJ! clL£» 

^ Ja"n in V 43! J jaII ^jl Jl . Ij^w 6jJuK <Zk.jjJ <_LjjUJI JUb l (| jljj-* 

2jjI j-ui jia-fl v jjJ kt U^laA > Ai^j ^X. Jjj i*I A, x ft lII w U... 

<l_^L*JI < ^ i j qiJI <jjJalll oVjl». 4 ) l in 1 1 Schwarz Child Radius jl-»Uw 

jkU Xla <1JLjJ 1 ^jjLaJLlI jLl^VI ,2)-o IX$-> L-lIjj 6jj (>il3 iitliV 

^aj (jl jioj V ^3JI ^-Aj (U^aJll <AlalLL) Qua juj3 2 >Uj Lo ^xill (J^-_Vj uoa ^ 1915 

.Black Hole »1 jjuJI 4• 0tH> jjj ^^1 l^ia 

JjJuJI jUAii II 2 >* ■ .1 L^’tV I J 4 I 3 f.^ i All (jlj Lu 33 ((^ll AAtliV UUJI 4 (2,1 

ajLjJI UUJI (^j (jljjill jiwijj <(SJ* ^-ujU JLa^o idj^3j l <3Ua xa*» <31^ 
2^ ULiUI jJjjj ajjbUa j\jL A-k II cJUiJI 4 > qjL 1 1 ‘d^io 

OlaJI c-^y i^rfcll <JjU ^ j3x Jolu^aJL uiiAJ U I«1 Aj . Lie. 'v tll jIajliI 

.6jJa^o Cj^bl ^Lj.1 gj fljjAall 
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\ / 2Gm 

V a I ay C>}UVI ^JekJUJ 

esc R ■' ' * 

4Xj <yj Oui ^ aajI -u ^)-o ^fcj.iui Tk *t i ^juta da>jj V 4 j1 Loj^ 

^JaAj t-ljj-L-dl <xLJI L & ‘ ^ vAoj ^jJI <LUJLI JjLfl <LlU j (c) <C-jjuj O^UVI 

:<jJHII 6j» j^aJI <i,LJI <j^UJl ^ya 

„ 2GM 


<jlLJI jS^a ^1) jLLw jj l ytSA ^OaJI jLlaJI * <> i^-k* Ji-Aj (R) uiia> 

|Jau^lL »^*All 4jjUu-o Ci^UVI <£,jj-u L^-xfl Q-k-i-CkJ ^jJI 

ic^ (C) J f UJI i^jjUJI cuts (G) J f^lll <±S (M) 
:^Jj US jlLLx jj ! |a!i cL/u ^Jaju ^jnAitJI <kS JjIju <l£S U^j ^ia 
2(6.672x10 11 ) (1.98xl0 30 Kg) 


R =- 


-- 3x10 m = 3 Km 


(3xl0 8 m/sec) 2 


R — 3M <5M»JL ^lui j ^j^JI uj^=JI JjU ^Lc. JSJoj^ 

.^IajLSJI 6Ja^j ^uIaj (R) j <JjS <JVjJ j t(| i 11 ^auJl <JjS jt j-utj (M) 

jj l. ^loS i JjJ-a. (jA iii ^<jjUAs <jlSj- 0 < ) ^AiiA (^1 J-Aj 111 J1U 

■**> 1 ^ II ^ILj £>1a lit ia! jlU i_ « 1 j-mJI Ix^J . t aILa «CjJb| iti o <jSaj 

Jj^ ^ ft lAill ^^-6 <UL> 6jUJJ j_Sjj ujAaj ^ V* ^ * Event Horizon 
(Singularity Point) ^^**11 <kLu ikidl oIa ^xi oL^VLLI ^1 iiLSSJIj ^i-^JI ^1 

(10-11) JSAll^ US 
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«UJjJ £jJ^dl 3^1 (10-11) JSjJuJI 

Ujp^j uXi!u jfcJj . 3 VI JLaJ 4 j_>U CiLujIjJ VI La Ujjp.jj pIJ p-jjl £_jLJI JjLfl Ijxklj 

LAj_uG JV ^ ( j - 4 pi J^-i^JI CjIja ill 3 ^ t U-A1 a1I 3 ^ rtij .4 1<1 all jUpjVl 4_Lu-u(p UIa .£- 

^aj| 4 t\\ \\ 11 ill ^_fl JUJI 1 a S i^jjSJI ^-fl 1 —$JLa 4_jjj_aJI ^ ^ ill ^lc. ^-ijl -v ill 

jjfi. UpujS > ftiuSijj i^iljj <j 1 pI aLl II » Liu^l ■** * ^ ( 4ocVI 3 **ia.o j_ki_lll Jj^Iu-ujI 

Up*SJI • LX - “2 (_^jJI > LjUaII 4 A JQj Lol Lajj 700 4oj |<ixu 27 JS 6 ^)-a) 

<Uii 4j1 pULJI va ~ * » cJJJj <plj-A-aJI Cfc aG uilfcl t sit I <1a uim Vj I JjI J-aLuuj ^_fi 

US <4 tLUi.nlI OuiiVJ Iji X• A * »l^*u jii ^p j ^_jJI ioLUl <-aUVI 3> £s j5j .pljpui 
jj^op <j1 pLa! % II 1 j <U»UjJI <uSjS 3±*j J 1 ^ 1 

(pi Jj_i-u 4aJLj ^Ja&l 3^ flf ) Jjjljj jkUaj 4.IU. ^A 4 >n juA\ 4».«tiVl jj,.4 jum H <JL-kiSU 
3^0 3^ J^) *-1-0 * it II 4 * fli 11 ^Jl ‘ * ^ ^jJI <JjLo 3^0 Ip 3V Uj JI ill , \ AAj l a, UC> 

4jUj1 jSj^oI jj ^-Ap3j 3"^ * J ‘**j fljpJI 4» a ill jj 4jjliJI SjUI Li « xA\1a <(4jft^ ill ^IjjJI 

.(10-12) JSaIiJI LaS 4jp 4jn« n 
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(jUaftl JiUfcj Uj) ^Ll 5 (10-12) J^lil 


^bdl JuaiJI HWl 

SLAj^Joj ^jL] J-ol lL)LlA Jjbj <JL*. J-o ^^jJI j^Iqj JaUj I jLo — 1 

Slj fcj^ laj c-Lul ^juftiTill L(}j j-aj jjl ^jJI La — 2 

Sjklc J^jlIu *lU*1 Loj l Lfl^ill (JijC — 3 

0 

S^lc J<Llo ■**» ^aj a 1 lj^j^->j)mil t_£j£. — 4 

aJI J JjJ^JI j ■ ^ ii4^J ^£. < Jj^ mll i 1 ] <J ) ^ lajJI Lo 5 

Sal. A1111 l j-o J A ~^^ I ^^LoJlJI ~ AllI j ta~i <Jb^ — 6 

aJI 4C’IjjmJI ^yC. 4 ^ \-v~ x,.li jjjiaJI ^_A La — 7 

S5M a^l ^ *1 41 j\r .G££ J7 ^aJI jJjLa*. ■_ ft j ^ * _» — 8 

^J1 J/ajj J ^ II pL^jjl jjlj < ja% ill aljilJ 4±J, \*k j I jLo — 9 

^ Ai jjl ioLJI <^UuVI j, aa II ^£jl ~ 10 

^LAjJI jk^lU 4 -ij-klaJI -L^Lk-wJI M A ,.. ajLj i_jLkj_ul Lo — 11 * 

jil ^ ^k’> iJaJjLl jIaJI <<gjji^j^ 5 v 1 i,.uJI 4 a it»VI <jL_u 1 jJI : JSm Jjj-o-ftil L- 12 
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AjLuJI cjjJ 3>>fc4 

Milky Way Galaxy 

aj 11:1 


jcjjIjj <x!jSj <^ajJJ <j-^iL-uVI II <L»UJI Jjall Lijju all 

ujjj) Lu j^q wijjull ^UVJ (^j-^.1 ^j VI \ <j1 all laa ^ JjL'v-uiij> * L aj^ Lj 


^A Lfjli til ^Lwwl CaUk An Jj-o ^XjJI <jL> ^JjkJI jj . I j fl < jtua t ^jJI (tullJI 

Sj^tAJ ^k \ll Ljj jJSj ( Jjj SJl Ciii ^_il 6jjJLbO CjUJ i-o i 


<jj a ft II £- ^JUUI »l a j u II Lu-fllj I jl LL.I VI <jn4 iti II jI^aj 4-kjlj-iJLr. 

£-Lj <g. Uflll I ^ ^ 1 -v 11 9 ^y < All J^a Lalj-A. JJbUiU ^^uljJI jj-fl f LjJojj < V-J-o (t ftk 4^11 

IjJ^J ft 4 IIII ^11 S^jl Jl ^JLc L$ IqISj pi ,A, AAllI ^ Iflflj i 1 5° ^JI>A Ja-^jJLa 

US ( ^jjUI , V) yLJI j^Ui < I lu 4.u 4,lr>l > ^a Cygnus <u.L*.JI <±S^S jj S Uoix. ULja^j 
^ jj-iJI u^iaJI ^Jl ^ 1 n 9VI ^j^iJI (Jl An*Till J-jLajo jjJc (1 l“l) (JSitkll { j^A 

Cepheus ^jLLl! USjSj Cassiopia ( ^^ > SJI ol j i-kS^S Ul j^a ^aj < (a ^LiVI 

US^Sj Sagittarius ^->111 Aquila ^jLLjJI iiSySj Cygnus L»>UkJI <aS^Sj 

Ioa jl .pI j-aJI <jlS>S ^ lyrae SjUjill i^S ^ ^ jl ^1 Scorpius ^^LaJ! 

(<jLjoJI ujJ Sj ^ a^ l^M * n*i ^1 lajj^ a £j jl VI U aAll J^a t_fijSll 

<-Jl a « t i l l SjSJI 1 ftfaAi (jISa^I (_£ j-llj < L j4jj_ill ^A Lc^Uuu 6j-aJLl plj-a.1 jjSI j^iajj 


<A*lt 11 cJjljjJI^ ■ ^ , ,.11 * a »' aII jJV-A* p LaaJU ^ II JiVl (i ^a ^^ilL 

oljjix. Lh^aS Sj^aJLl 6Jjft 4All Uk < i>a ^1) <jUlll ^jJ J^a jJLaljlll 

^A 11 jAlJ ^£. JcLujj UI'VTfclj VIS Alii Cjlj^aJLl £^yuZj ^li fit till l ^ k ajj ^j^jJI ^/lJ^LJI 

. Uj^^Iojj L^jjSjj CjIjaJLI ^jC. 6jj!S <JaujI <jU.VI til U11 p Ulfc JjUjj «pl aAaII 
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The Structure of the Milky way galaxy iiLuJ! ojj i 11:2 




-Uj ( IU I jl£ s j^-» L$) JMA I~|11 JjJh. I Jo-LJjJ jij V I tjj 1 Lo_» 


uj cUjJj .^“jLzkJI Luj^wd Jjl • ilal ■ *jj ^Lfl 6^aJJ ^ x^al I 


. JTjUJI J v ~ v -~ ^Ic. lj J£> LljxaJ Lie. filJjJLj ' JL? j ? ^ ^ Q ^ 

j ^ Jal <n i & a uV ^_Lcl l til lljiij Ijl <jl cULlJI rc_ULjuu*u 1 (I | *_x 4jjl_illjj 

3 0 ^KJI La^LxS «-!»■» 4 « L.L_i_ij JL» 4 " Q1 -V ^_^jjj ^J) i ^ it ^ 1 I 

l(] K.t. (l^ulj^) L^fll^Ljl j^t a^sJLI ^Jl jjI L»j_=J ^ LU~,..I I jl^ tiLujl * s flJI 

jixjj < (^/4_zwI <jJ^a ,_ t 11 Ia^ .At > ^Jl w * fl >. Af. > . ^.t 

gij-ufl *j,1 cLa *jj Lai (cLlujjL ^_flVI 4 ^ llj) ^ xJJ ^LiljVI >4 n < <> 

£^aJI L j*a s. ftt < <r>~ ^ * a «<11 > ~ 11 ,_jj J 6ji ^4. ( 1 1-2) J<; iTill Lu^jj < >ll < *i^L> 700 

:<JUI 4jjoM L:^Toij . Spiral Galaxy 
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ijjj Lo£ a^LuJI ojJ jloi* (11-2) J&wJI 

Lujac (*j LiuL* (1 

Galactic Nucleus Sl^ill (1 

‘C5JL>^ cLftlil 5jLx Jjfc (5jJI Sj^aJJ J-a jil frJ-aJI 

<< a" fc*11 fc *II <UjLaJI t nil Lfl »Iaj Ljj iAJ 1 d ~jjj a > Vj <<_aj^JI ^j-aAll 

frlj A H U>AJJ <JJd lull CllftU ifcZlVI J—uOj ^Jjlo JjC I (| " 4 *jIj, v I ^ <) fill 

. Sj^-ll <JjS ^Vl *-II ^ic. « L$ 1a 6jjL-=JI 

Halo aJljJI (cj 

(£J \ <lj^ 6 J_j-JLj oLfll tAil Sj-^-LI Sl^iJI JSj 4 aU'it 1 

■ <JJj£ 500 ^Jl 

Spiral Arms 2Ujj^laJt ^jjVI ( -a 

<jl^JI <A-4^UI ^0 j_lSUI ^_lc ^j " A" <SjJ*I A 4-LJJ^I^. J^jjl Sil^jjl JjA jliij 

^ ^ ill ItiTi cJlj La ijuAi <Luj!^JI J^LulJIj SjUl jA*JJ B, O 2 

J^V Jl llidu a *a - ^a LH < klc. coL^ 1 aa JSI Jj « a> cuL£ 

Sj_&JLI LuLi Ij-^J Aj-aJ.1 Si dLujjL »—flVI 10 ^L-UJ Jju ( ^lc. <_AjJ)UI £j jVl 
^JlaJI jjIajj . Lfxli ^Jl LijUfkilj l$_ijlo JjS- ££A5lj UJ&* LuV 4 L$fi 

,J^^y^J| ^LujI^ ^ 1610 r lt iiLUl 6j ^ A I l l ^ J I Ij l 
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<xoajJI joillaJlj jJI <jlL£ J^Lzk. ja dj^ll jLxjI , \ t i-v~ Jjl^ 

oLlUjI jt^aoJI jljx.1 ^ u*> “\T% uuaj ^ a ~y \ 11 pLi-ta^VI A^jjJa Ij^IaJlI mli t i A all ^_fl 
jo La 5 jJjlJI ^_A (J. Kaptyne) j>OiL£ (^J-iJj^-ll ^SLIaJI (J-*.-fl 1 a^ <»l a * nil ja 4 all a 
^_a aJIj^ (l u >^ 6wLixj Jil Lajj-c^ aoll ul *oaj r li i^tiijk (1922 - 1851) 

cjIjj.i a "ill jl ~- x ,*^ ^Jl I jlil i ul UjLajI jxx.j «^11 j£ a * >11 

CjI^j,\Vi 11 A^jl ina Cjaj Aj_L*JI v fttiAJJ jLall! olj ^^*>11 jl JcV iujuall 

. 6^JuLla l^li,aljj ft \ ^jJI A_ Uj aJI til jO 4_ki A i. til 

(jl Lft*s a * Till j,a * J^lL ^-L. ^ajJI jl aJLaX. 1 A aaiu dul^j 

^lc Ljj a fc d <mjlj 250 A-flt t ii a ^ (j>iA * till Aa£. I " * * a v Loi ^Jl Jiu ^ aJJ I A_aLL^ 
.(1 1-3) JSaSjl Laf* 6^x11 ^ j| l< ii a vjluijL 800 AjLuia (6 j^JLI (JZJ~ ‘ “* 

(jolc li til jo j.*tii >21 jLiJI jV iAAaJJ C*uul aJLj ylaJI 6«XA jl ^ Q taS^I c-LalxJl jJSLl 

<(^jJlUall LAjJ-S 6jLj ^Jl laa <I fl "aaJL*. ja »Laa^ J3l IjJil A i L^-JJ-l-o ja L j_zw 

j^skji ^j£> (^)^»l jlsL Sj j-LlI qLaI * ul I jj5o LiUjJj jjlj £-m Lj jL ajLjJI 6 Jla ■ ualjjjj 

4 tftiU II cL&LJLl ja ^£1 (j^L^lal 



jOjLS .£ £ba>^J (11-3) J&bJI 

a- tK j t n^-a ja (H. Shapley) ^LLui ^J^Li ^^lall aLujIjj (S^ ^I aJjLa a a>j 
^Jj aiJ I »i A^ftll ^A Oj^ JI A > a \1l JjkjLxll A^uuI^Jj ui ta 1917 ^Ix. JjLijLl 
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(Sjlliill) Sjjjoll ^IkJl ^1 jJj 4 (jIjIajI (2/lj_xj fjj « «« A cf^ 

^gjl tulJlj lUjili II 6j-A <jl <iLkjl <^aoi ciul^j i l^jj 6RR Lyrac Stars 
^J^la 4 Ufl\ J^J a" L^l US <<ift J ^ Irk" Vj 6J 11 (£y luu *»lj jj-fl 
6 j-A ^lc idlj jjLuiii t ftj j .(11-4) JS t till L£ aU^I <jLuJI 

OjL^ I jIj . (JLjIS US ^11 ft itJI (^ojJj 6j-=JLI jSj*o J>=^ jSj-oju <j j|j SJI J-|JUJI 

USj * 6^ 11 u-i^lo aU3l jSjll ^£. 6J >» t jiuulJI ^Lfl <4 -k v -k kn ^JjLJj >^jU»>1 

ulLiijL ^ flJI 14 ^kll jij-a , La, u ^4,i, ft iu II ^jl 6^-i^VI 4^t -k il cJj 

^jJ ijaL^laVI CjIj-u^j LlIU jLS <-*-ojJ ^jJI t-jA^ II <jl ^lii^k. Uajba^ ft ^JjUL 
aii ft ^_u jkjUJI ^aaaII a AII ja^Lu <_L>jSJ! olj>UJI 

JUA I?I I I ^ I A j ^Jja - ^k Jj,i 'vll ^j5Uj-JJ-S 3^ ^-iil li j-JlIjU I \K Aj . 6J ^k 11 

.6^=kJLI j^j-o JjC IjLULJ iA h^*fcll L^-iULo <ajLa_ujVI j 



^IiLi) guQj (11-4) JiJJI 

j^LulII 4jLi d~ti~\ oL-ljj (R. Trumpler) jJLft^p ySlill (^j^l Lajjljj 

J hl ^jJlLLaJI £^UujVI (^ajLxLj ilLljj < 6 j-aJLl ^ 4 1 a 11 4 t A ^ \ 11 

JSlftJ 4\ft « A 1 ft '4 ^ il t a < a. l Jr> I 4 J 4 A i_i I J ^jftll CjI J Li AAiVl ^jl jAjJ ^ic. . XliLxll 

6j_^J ^UJI (H - R) A ^^II <jL^1o ^j Vunl <j| I ^aJI 

~y \ J 4 fllLil j|j_3Vl ^_lc J|^ ^11 <6J % > kjjijJU Jj^jULj L^jLflj «Jg flllxJI 
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Jju Jlj {jm LajLuj Ll*_a Cjj-a CjLj^Lc ^>1 Xaa mL £jlrn mj -w . 4 _j_uI j jJI Jj fl\« II 
jJ_Lll ^uLj_ 6 (^jl J aA^i LftfCj 4 -w. \ A ^ ALIIJ ^j^hUkJI jjJLil <j*o JS ^lt. I jl Jj Vi* II 

£ j t dlTx fl <^ A J (J\jj| iffcAU^JI ^j£- ^jLjJI j^Jl ^L-^^VL jjGj Jjjll II ^ ^ il ^^JlUkJI 

<<-Uj_DI j*i a ^y» duuijUL LAjLUaI JjI La£ < 4 j If ^Jb Lft-o I^IXJJ < ft-w j-j£! 

• *y ’* CAjJI Iffctii^JI ll=k » ^oLi-^aLoVI <jl ^Lo J> ^VitAiil Ijjfc ^ic. *lijj 

(Galactic Rotation) *jaJLI jljjJ 11:4 


£-0 <-ajIa j jj -fc * J>^ dj-=k_jjj <djAJJ ^ ^ SJI ^ JS ^1 

C*a»^T >jlj Sj j 1^1 1 1 fcj^ii 1 4 ^ l n « n~ ^- M-1 i# ^lj II 

Jl>^ *>?4I U> lt^* f 1927 jklt (J. oort) oj^l ,^^-IaJI 

4 aU \I1 ^ ft 0 ,S^|J| J\ ja ftUll £ UftH LjJK juj I v.aII.Swj pljLm A ^ ^j-o 

OIx ^t- aj j£jll ^ajJI j^ Jj 6j ^ aU 4-iZk.jLiJI <_flLJI jum tJI jI^xj 4_*_flljJI 

* * 

LaujiAi 4j )l jJLl CiltjjjJI 6JJbj <LAjIjlo 4UiuJL> Li UUJ 4uLu 4jjlxo 

i (^IjjJI (^-L-oLLjJI > qM " Sjjfclku) ^CJjj Aj_aJkl o LaJ. 6jLj £_o 

.(11-5) .J1A1I 



Luj^ft jirtuJI {j* hi ^Ul (11-5) J£a*JI 
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«_>A V ^ 4 A ill I lAai ^£. 4 lft*! < n ft < t -kj UJI ^ ill Jjjjj 

/^ 300 - 200 ^ OjlJll tpUj^ CJ I.(illill ^ ^L5) S^UI 61Ijlll 

6_^Tkl I ^_y& ^ l”k I jJI c-^-^wJI ^_fl Lai . <—uL / 250 ^ fl ^iia i,7ill < LX.^_»_u Lai < 4 u L 

Q» ^rkill jJsLxj c^i t ~k <q L^lt ^ < <i ^11 ,^)lj^J 4 uIj 4_2jjJoj ^y^y\ II j^J*v 

jSj-a 2>£. LAjJU jljjl LcJS 4-Cjj-u jljj: Jru.^ <<J <lL i-wl I -y \ 11 £ LflA ^J-® ^-»-»jLaJI 

fcll djLa ^ILal jl t..n.i.ALi i a J -y 11 ^Jja ^ j-^JI I *LCjj-u CjLliJ 6j_=»JJ 

j^j^o ^jc. La j x > -vII <jjI jil ujLcj i nil j \ 4 t a t K Luj_> (11 -6) 

^ylt 4jjl jJLI ^jii a 1 T 1 II 4 C-J ^11 ^ya j_sL*-ol Jjjl Lo ^Jl ^auJI 4 _Cj_j-u Jtaj lA ^ J-C. Jjjj r^vl I 

. 6j^Jll jj-a 4 _l^jL^JI 4^1 ftjLU 2>-* 4>J (j-uLl V 



3jLuJI ojJ a(jlj^J ^uaj4 ( 11-6) JSJJI 

T^juans ujs 

ij-ilL ^k\ll 4 _a 1 j 1 ^ a a LJfc j^J $ auj SjaII 4 2/* k *3 A> 

<JjaJLI 4 l?\ll w ua^'t *6 j_=JLI ^>A"k J^LL 4 , ■« t -v ~ A ^y ^*J| 4_aLjS 2)1 AiuJI 

L^J <4_i A\ ft-* II jx_^OkjJI cL&laJI lijjLa ^JjiJj Ajla 4 aiVC 11^ ■ 'j ^L-oL^. 

«dj-aJLl f^J > Ciljlxa J^uOj ^d-^° ^1 iaa **j! ^1 ,\»yLTftll 

<JjLljJLI 5j-5 6jIxo ^ajJI itj-i-oj 6jlaj 1 Ai ^\) 4"HL*. .Ay jl jll JSLii ja^ju 
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illaailj iJlAJI jLZ ,*i wL&J <JjaJLI a k ± ■ -«» ■ > ■ - *j 11 ^j 11 » ^ ‘41 £gj 




(m + m ? ) p 2 = a 3 


■ ^tAiall <Jj£ <JVjj Jkjo^jJJ ^ 1 1 <Jj»S JjC. jJAd (m J ) uda. 

<JVJ-I j\ ^ ill jl J_ijj j^jJLI Lo < JL ^y-Uj ft*i 11 <ll$ ^jL. j-1JLJ (m 2 ) J 

JL^- i>0 (p) j 

. 4 I ft II CjI 6j^JJ jSj-a ^ajJI Jju Jaiiijlft (ii) j 

10 = 3.) Uljlxo jlaJ 1 L^j uda <6j ^.11 jSjd jj Jj ^to 1 till ^.1 J-aJLi-ul njj 
/js^ 250 4JLIUIj 6^all (J^a. |juAduJI 4fcj*J l<^viLuijL wflVI 

Ij \ 1 <i*t <GjI!JI *.ii<ajjftUoJI olcj-* <JI ( j^iLk2j i^JI dlt J^uaiaJI jkj ijua. <4 juIj 

jjuAdJtJI Jj^-rk Lfijjj ^j-o^ . .1 .i. -v a> ) 4.1 1 oh oil slj-ll 6 j-xul^ « a^j LaJLI 01^)—a-LI 

:<jJ(jJI <2MjlII Jl nft*i 1 oL> oljJuaiJLi 

2rcr jLuJU Iuaj 

V 4 £.^uuJI 

2 (3.14) (10 4 ) (206265) (149xl0 6 )km 
P =- 

250 km/sec 


p = 250 x 10 years. 

:^Jj L£ <1 j£J iiLdVL) <iMjilll i‘i jSj La ( j-lt »Ll>^ 

(m, +m 2 )=-^_ 

P 


(m. + m.) = 


[(10 4 ) (206265( A.U] 3 

ncn „ ir»6 ,,,i2 


1250 x 10 yrj 
M . = 1.3 x 10" M e 

galaxy ** 
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I t1 1 . it xnl Jj ‘ a> "‘ iJ l ^ ilft 1 >1^ -v I <JuLullJI 4^ mil jjl 

* 

J>». (jnjwiill 0^jJ J *** ^J jlx* £jLk u-« !*>?■ 

Jj-a 4jLiaJ| ^1 <ajjj 1*1-fc II dLl jJj I ^1 j^VI J-*^ ^>^“11 

<Jj^ «.Lo_ixJI jjijj . j-a *Til l v 9 > I ^ -^1 ^ -w t ^Lfta, IjluL dLljj) Ou U *J I 4 i a-JI 

J^uVA \ JUJ! La] ,<J£1I il^ll «> 80% ^1^ 5JL^J1 ^ <j>=JLI il>JI 

I^KJI 6j-^ll JJ-C- 5-ijJilj Sj^il <ll£ tlh® 10% j J \i fl au £*jJI 
4 ^ J-5! d_ft.ljJI ^aJJI 4±£ Iruu^I-a l Lttlc I jl 4 jlf. Jj ^ I I t 9 

4jl£ U«ojJua jLlI_C.I xtill £^L»ku J5l ^.J AjJI ^j-a J J^H £^la-i-u <jV < (^ix n -i tj l 

:^J|^^, Ljj^o ^J£JI |^^HI jj£- jiioitill 4 Jj£ 0.7 JjLlj 

2xl0 ll, 1.3xl0"M o _ 5^' <K 

0.7 N1q JLaJ^I j*-gkjJl 4 Jj£ .la 

<Jj!^ 5% ^ II j a. i I juj <y * ^Jl j.> a i" II £^Lsk. 4_u^Jl O^pVI^ J)LiJI 4 ja£ 

. 6j-^J.I 


i j a a 11 ^jjl^JI «^uSjUlj j3Lui 21 J^loJI t£.i £lauiyi 11:6 

* ft i 4_u^ll 4 tt U\L1 ^_fl jLudjVI , V> >ia L3 j ~]w A J£Llxi O-uljJ ^j-a tLoiaJI { J\ a t J-Ll 

,j t ^,.1 ft 'l xu 1 1 dll jJj «^a ftj ^AaJI IrmijJI ^jj (^jJI I aVI 6j-AUo ^jL&J 

^j-a ^J>La *> jjJj jLiJI Jklla _zw jLflJI 1 | *1 f.llft^ *iiV jL^ajVI 

<6J-lJL-JI c»1 j a 11 4 j\I11 JJ-C. (^AjJLj Jjl-A-^VI jrtl i ^-9 ^aLiuftJ-ol 

4j_J-fl oLy% «it h Aj-\a 11 6jJ j^ JoLiaJL dll jj 

Itj ^t^Ajl tll ^ l^-C-jjl jjJ At u* u£*1» *6j > a 1 1 <J-t*jlla 

> ■ *« llil i L^jla u_jLi—i-uV Ljj_^ 1 4 t ^'tll i <JjjieJI 6Jjfc ^L jjjI ^ ilal **ti V Ljl 

^ I4JI VI <<iL£JI 4jjlt 6j_JiJll j>ha a ^yu L tt JL t Vj < L ljj 

jL-ajVI £_jLij j > ■ 1> * 1 ^ (4ajj^ <1 m 15000 ija Jj! LajIjuI ^_jJI <jajIa1I cjIj nil 

.<jj^kl| 6J^_» Lul^_j ^J ^aVI 4*jjl Lj^=JL jjl 
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CjIjJ {jC- 6jjl_ucJlj I^UJJ 21 I (j \ »■* JL^ 3 ) 4-iJjjl jJI £ Ij—aVI fr l a Ul l ^ J -w 1 am\ jii 

1 ^. 1 1 <■<L_uj^ 1 -k. 1 1 ^_lcj fy ^*JI (2Aj La 6Jj-^.jJLIj (HI) <JjLjlI1I J \ II 

IJII i * "fc * LJ>* ^J-O oLaL=*jVI ^_fl £ 1 ^ 0 V! 6 JJb 6j*ttl JrJri-k.a ^_Lc. LfiJI 

oIjaa ^ U^Jj J^l jLc. *LaJl JS ^ jli. £jjil Lr L- 

<<llU Lflliljj J-Vg-ll jlx, ^ L- 'l^k.'l i<JLjwjIj CjLcIj^J 1 j inn £jC 4 tt\ AJ 16 J_1 a*i o 

<JjLjl1LI $ II CjIjJ di* n tiu^. *4 yijjl^. 11 £jjVI 4 jjjjIjJI 5 j q irf^ll Jjjj 

oLlaj)lI ^j_a CjL^j-LI Ja^jj 21 Lg-I^la 4 -_u^_a Cj LcL*—*Ju! 

iIua 1944 jklx. ^Li AjjjIa ^JLaJI clljj Luj j-LIj <4_ujj 1 ^ II 1 $ j a * ^jJI 
O^j j ,JJ -^ J>^ jj-^e uj_h^*j ulvj^ ^ 5 jj 

(^I,j.ua J5l ^-fl (jjS-± Lo, U« 9 4 mftJ 1 a^\a (jljjJ iiJ LJ^JLo LfiJ l Afl ia 

Ijl^ (^>1-) (jLm^Ll 1 a La ^ i a J£1 u aUI aL^jI .(E q 4.j i AjV I <JLaJI) 5-5llaJI 

UaIjjxI i }llo ^ \_ y * jJJC. LqjLaS 6j j £-a ^ yjj vjfl H 6j j CXajJeu^ol 

i_iJJI aL^JjI <E^ jj& 1 Ej wi.u^v i(Ej) J^VI jliil (^LuJll w >i1 gg^juj iill® 
Lu j5j .(nLnI) ^411 6UJil Q ^ lj 

^L^jI ^J1 jjjij-jSJiU ^jJLlI i al 11 aL^jI Iajjl > «4\x*< 10 i^ijLij I <L> 6j jl 0 ^ 

^<lAfl <jllo ^ ^LXi 21 <J^L j 1 ij^. -yjj, y ^ 11 SjJ iiJLJJ^ t I <JLJI) ^ .Alt 

.(11-7) J£aiJI ^4 LaS 



^uajljjjl 11 i£ ^jjIjJI IftaJI ^UuJul 3 UAjS (11-7) J<nMl 
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I JJL J J l n (jV tC j Lc. 1 1 i\^i I 6«li ^pL-fl p>Ji t*n, II ^j-o <j| til j + 4 \\ J-ij 

^jl i <i Vi V (jl >y j ^jSllj <(jOXJj,\ _fcA 6jJ JSJ ^Lc- (joV—o 6^ iti f JS Sj—a J^L*—iiVI 

jLla 20 &^Ls t Lfc^j jlu ^jJlj <£-la»IjJI »1 < A ill ^Ltu tjry^jj J.X 4-11 


l/\U ULc 9 ( <jLilli wjjJ 6j-=a LjjjlzJI (jo jVI 

^Inflj i, I&AjJU U'v II jljLal ^ic jua *jJI ( j_C IJ mi ^jjjl^JI <J>J^ < nl*i J^La* jj-a ^Iajj 

^_fl Lo^ <jAa ill lini i Jp <ft,h^.jo jlxjl (B), (A) \II ^ja (jOjjLt (jojL^j-u 

i(B) < i -wjliJI <jl a.aJI 4 C.J x u ^ya ^£1 (A) <LlLlIjJI 4 il -v- «<.ll 4 clj ^1(11-8) J5LiJI 
(jjSLi (B\ (A) (jy->l ^k j-J I jp cj jUl j *S^aJll ( j i .LA,.i. t JI tjljjJ J^Lkj 

to ^)5l |<iLmJI <f.^ujlj 4 tH ill ol^JI A j > LflJl i till <£.^uu (jO , j y flJI 

.(ji«J 


^jaiSxJLj La J5l jj^Vl a>UI (^-U 21) ^.jil JaaJJ >LjJ t^il^aJl 

Lfl \n L *,u\ ^j£I A jj kill 4 _l^.jLJI 4 >1 -v , ,.11 AX^luj <_» ^loxJI xtiH 4x>jjuu (jo> ,j^> aJI ^j^£j 

^ajlII JIaj iua. JlLoj La jo£l jj^VI Jj^lll j-aJi jLjJ ^JjVl iJLaJI 

(Ji a*i 0 (J^i iiII ^jLux-ftll Lai 4^jjj^lahJI £jjVI ^-L 6Jy=w_jll LjLiJ! oLL^ujJI J^uiJI 
^^Vi." (jojLa^JI <> JS Ij^, <(11-8) JS-UI ^ U£ ^jjVI cju ol^l 

La Sjj u a* 4i l l ^j-o 4 flh^ A jLjI 1^ mj] V. jjli <6 jaJlI yj ^IjJ ^jpU pj-Ch. ^Jl 

^jJaJLj «<jylj CjIjI J-o 6j^JLI jSj-o J>^ LjLiJI CjH ^ 4 nil J ^lAiuitJI J)l (jizJljLi 

^jjjljJI JexkJI , \ La jJl£,j iA^ojLi a / t »SJ> Aj^JLI <J>-^ aSJI 4 f j . <■ ^jLfl 


<jjloLftJI Lc^JI i^uLj ( j^o jSLaloi i LjjJI aL^jI ^Llj iiL^ll yu 21 jj* x 1 f II 

^JA4 I u\ «<jLo^lJ| (jljJJ Ax^pu <iJj-o ^ *U". < <■*» LflaJ <(£j-LjjJI ^LjjVI ^j-o A >1 -v i <<H 

* I 

iL ajL-o LaLjx^ ^IJI ijL^JI 4f^ *.A s^JoLU LL^all jju jL^jV (jljjj 

<Aj^laJl 6JLA (jl VI (_^JjJI (jyabjjJji 4 11 (^JJjljJI ^ ftjlnll In^ll J-x-oj <J^^.,j-o ^X,^JI 

^1 (jvjul (jo ^jIjjjj) iuj^LJI f^jjVI JJjlI <jjL-4=k!Lo ^-jLj cJafcl 
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3 i j tg II oLtl ^ i ii II 3x.j4dU ^Lifl JOaj (11-8) Ml 


t ^jJl) y]A^Jj \ k ^ 11 oLuj_^ jLc ^ a ^- L '° J/-J-3LJ Jya j\(j ^ai 4-S1 k S^ L> I j_A 

^-*_u 21 ^^jjljJI ^ 1 » > TiV I JjjfLi LlAj <Sj-JjJl ^JJ l ^ ~k k a A Vj (A ft j ~k^ 1 1 ^. \ aaJ I 

t^jjJI JJ 1 J^Ls—i-Ll Jj_C I. 4 k\ !A.JjJ-i^JI oljuj-sJI ^ L juI i 1 JjV < 1 fl J * < r^t 

<■ 1 i^Lua CjI >—a*\> (CO ) Jjj jjSJl J. i-g^l Jjl jlL ol2uJ»^ !j—lajJ (j-l£I ^J^lo 

~^ . aJ ~yl\ ^y_fl 4 ^ .. I j jJ 4_»^i fcljL^ 4 iJ v , ..I i i*\ Ift H iu£j y 11 ^Lj-o-flJI 

jSk-*-ijj /^ja frl aL«JI a~ L n ^ (jaJ-a (2.6) ^y^.^2.1 J^LJI J\ f ■ ijjjjlj A —i ft Jn jJ—u^J 

^y_9 La^ ^ aJJ 41.1 -v. 4 i,v >j j I 4_a_kj I l^_k_fl rc-k^-kj < 6ja^alJ aj-ij-zw aJo j^ a. 

_.(ll-9)Jtill 



4JLLUI ^jjj 5j^JL 3 jj_»jIj 3iojj^ jj (11-9) JSjJJI 
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ui^i mil ^lalxa 1 a ul i to V J 11 aSI Jjl jjU-^JI jl, \ m!)l\ iak (jl 

^1 <L-o}UJI j i Luajl <J Jj V ,AIjuuSI ^jli 3U. I4J ^jJI <A uSJI 

<jSi&l I jL-ojVI cuLS Lojlc <<j| j_J! ^_a I jj-ixj jIj> <jLS LSj> a ujSjjj *~ jjj^j 

i_mi A < flh ~^a ^ a 11 ^Jrti.i ~t <L_Zfc.jJ > fc 'l Cy* * ^ ^ a ^-Lc 

JjJ am £_jjjj L4J B.O £jjJl £ja 4 \k \ \Ij Ol-oMJI ^y ^lil jjjjj ^jl ^LjLq-A iSi 

l2A-» 6 j ^tiVtl 1 jLiJI £±jyj I j-A 4-i^iuy tby ^fcJLI (£y hun J^a cj^LJLj ^cIaaujJI 

jbU L^JjJLjLa JaAli ^U^L ^JAill 6 j-A j_a _*3 V JUw <_»l ^ic.j •V.lll 

Ajj ill I <j>U ft* nil ^^Jlj Ay A-wll <5}U*JI v ^1,1 %~i 111 1 LaS . 1^ 1 If, 6 

Jj ,(<L*k ciLaitu 1 L^-jjju JjSLuj iy±iS* (jL*JL 0 ! j ) ^Aj <ojj^ 5jjjj <jUj] ol j) 

^y -s^ y <jj^SJ| -L^olVaJI £-*yy> (jJ-lSliJI jLj-*jI LaS .^tIh nlll Ja^u^La Uj^j L^J <jl ylc. 

J^-ak. <jjjl J jASIj ^aJalia j Ujj J I4J <jLS uurw <JLfl_ll 6J^a .^11 UJLaJI CiL^j-auJI 

* 

.(jnAitill yC. I wLa. iiai <Jaij 

(Galactic Center) 5^aJLI jSj* 11:7 

< jU,.L fl 6 JjLj AJ ^-lt 6j ^fcjl I y£y—& ^1 yic, 6jjJ-*JI <* Xlall Cjlj-AL_JLLI Jjj 

«Lit <-»jLji.j ^Li ^ Sjj^LI Ca^-ILj <Jj$ * nt Vj 

f**"j Jfl 6*° J* >j * ■ *. * JbU ciljLi Jj-zwj jLi JmJI ^ ^ ^ I j 

(1 1-10) US dj^Jll jS^L <j_^Jjlj <lajjj 3 h 
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Jikl J_lll 4 jI l Ml t-ijjJ > inljJ t j L >i-^LJI jkj ~k *i 1 til 6 j > *k V1 olj U all 

j-^-Vlj ISjj_oV ^Jj-aUI fr^iol.* all ^Ir. U AJ -wl ^jU^jjlj (jjJa-Oj^o ^1 J^JLuuL (_£JJjljJI 

jJL J-kflJ jl j jiiAfl l^lSj jJjj sljj <4>90 <j£- cJj l^olaUu 

4_uL 0.01 6 jJo-A ^ Ujj <|< JJ^ 1I j i flllaJI j_Sj-b) £_aljJI jlLa-ooJI ^_fl j^^lj_lll 

frlj A “kll w*AJ 4-JL^i.VI J 4 mi nil 4 * *4iVI I ^ Ail dJjJX CjLc.1 1 i »l Ulf ilj r4 l j 1^5 

£-Jj_j-uJI Joj ft A nil J1 ^ jJb LaS) iSj^aJI ^Jjou <_£jLa ^AAJ jJ-Jlj LaS j fl Q jLl jJ <4ojjjl jJlj 
4_xtS jJJj J^-l-uI LkJu Aj^Jll ^j -6 ^-fl ^)1 »1 aU II jfli„a, i IJ_^J . (c-l Jj-i-uJI i_jjXjJI 6 J Loll 

j ti * d~> j ^ A *Jj^u)l\ ft Ml IJJt 4 la iu i (^jJI -k II Lai i< LuiA *!» 4 US (ju}Lo 10 rk t 

J y-^sj JjJ (^J^l <L1 tllL-A ^jl LaS < Ujj_ftj 4 iSla 5 J_^j 20 ^Jl 6 jlaJ J jl i Ly*ij 

6 J J al A iy>LL L>l^k Ail ^_fl Jjo_ul ^lV> ^-Lc ^j Iaj 6j^JJ JjSj_a ^_fl <JU-fl dljj 

^j^Llxi jlc. ^j-o 4^fljkio 4 ^Ua >1 Jojla^k, US . iiUjL 3000 jju ^JL. Ji\ <jrjUJl 

Ijj tS 4-fcj a m LJ ak. ju 4jjLc i iA ■ j ‘ ^)l ^ L J J_i Ujo »l j,.a rk.ll Ql ~vj OulVI JLa^o 

uA *'*j ^ L ^JLa 2.6 ^ak^ll JjUl ol J 4 j^jjIjJI 4-kftjlaJI jL»-ojVI CjJ J US . L^jI jl J-o 

jull^ Uj ijZ jll dUujL 6000 Jju 4 jjjIj 4 ft Irk JS it ^lc 4 x.j^_a ^j^lll 4 jjLc 

LftUa ^ L J Jj JJj JS < 4_Ulc. 4 t a CjljUk^-ftjl jt 4 -^~1> L^LSj ^jliJI ^_ 2 kJ» JJ^ojj 
1 a If . <jLjJI ujJ 6j ^ q JS i iu I ^ji\ ^kLVI 4ikJjL Jjju Ujj Jj-l-u! - Jj ^ya 4oftlS 
^ a1t41 II 4 A i ft II ^Jjd 4 ftl lit A ^-AJ <jkLc 1 5 ^JIj^J jlL «4 jUjJI fcjjj 6 j^o J-OX. J)Lj 

.4^1 4 j a V 11 j_k_fiUxJI J-Ajj 4 -lu^aJI 


(Interstellar Medium) <>-JI JUuujJI 11:8 


,^Sjl ^UiJbjUJI J-o > ft >\S J^C. ^jU Jaxajj (ikj^jJl (JU La) 6j^kll »■ L A a ^_fl 

6j i * \ * ^±j-u JS-l 1» j^lt ojj^LaJI ^jjVI ca^j a j-^JI ^j-i ^ LLj^kl j-fUi ^ jllj 
IJla 4_sjISj {j* cu^Sj jj olj-^JLl ,j1 JjjSIaJI 1 jIjuj «l(j IISL^UJJ L^j-sLS 

^»tll iUajj ^Ml ^LL 4L3 j 4-aj Ja.n j^uollc. ^11 4 «na > Jj^kj ^jJI jUjlIIj JUlII 
Ja-JU ^jl <4 lrtll jlj ft ft Cii jIa f. JMik ^ a aj (]/jJI In 4 ii^J I ^Jl Sjlil 6JJ ^j-a l a > 

^^k4uu / J^lj jkjm-n) ^Jl^a. 4jjljS JauujjJ^o ^_Lj^ *^y *II Iflta Jjj Sjj ^jJI 6jUll ^ J^ntaS 
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"fc 1 aj Ida. <la.Lu. <jjLc utA in »Lftixll ddl .tit La J <i^)_aJI julj Inut^JI IdAj 
k ' Lfi jjjjj 4-*t 11 Q1 jLrw i bV <ual aaII 4-t-ala. f<juLt / ^ 100 ^Jl J <*Vi d£ <Xju-uj 

jkj^j (_j-o Lad till 4 . an. ill ^LjjJI ^Jl <dL-oVL . <ju-ij <La Jil 6d-aJj 6j-a JiJUJ Luj> a 

. ftjjla AdUl djal <la.Lwj 

^j-aj uuiiij Aj^jI 1% j 4. Lh.-t a CjljLc 99% ^j- 0 ^ ^ ££jJI In* »jJI ^ ? 

j n »t uoa <jn a .till uj^jj 4.. Jlj > jL>aJI £A-» La jL*J ^jLaa^JI ■. t <-l-~^.L> 

^ *m K)l 1 ^j-a 41 j 1 fl oLi-a^j ^ JL^JI 4 ibj <4 l. ^ Au.y^-11 j a*\\* II {/ IAJjJ j II jlx 
adLo) Jj-ajjdJI ^pa-aLa.^ Ljlj_aVlj ^jl ajllj . ^j^ jj£Jl J i . *iLSI^ *ULI jl-a-ij (j£ajj 1 j\llj 
j£JI 1 i *.<L$\^ <(^/l^.J;j,U. fl.ll d^-iL-fauj (Ooj-aVI a ~fcVl (Lp-aX 

f.j.j * 11 a \fta II oil^aJI Add Jxa da^Jj J^a£Lllj djld dJLojjdJIj / J u. lS\J j da^J I 

(>» 5^3 Lull oLuj-aJI Add *vj (Jjjj Jdi.a. <^a nh,j (j*_JI iuujJI 4 a .*^11 4 jjL_i_*JI 
t^jLu (21) Ljjdl^JI Cj LcL uaV I uM»JAi * j ‘l i .^j-aJJI J/lj La jIaJ 4_lA JcJl < ilaaII CiLujIjdJI 
^Lq (2,6) ^jjjljJI iauckJI dll.i-Sj .(HI JLll-a) <Jji a,ill la^*»jj*,v * f II (3-* S^jLuoJIj 

aaLbVI la^loa. Cia, \-v "uni <djLljjaJI ^j-a 6 jJ-Cj Jjl ^C. 6jjl .^ill 

.(iujil j 3>a 1I aU\ a ^ualaj ykjAjJI La jlc. jt 4ja^LJI LaaJI c^LlaVI 

^ L 6JjLJI^ <LkLJI did* II ^JLLI 4 i x [ xaloN 1 LjL^II 6dJb ■" > A1 iu$ 1 ddjj 

Jo^IoaJIj IdA ^-Lcj .Ida. <flti ^ (jl > Lf^Llol jjl t_fljjAll ipI^uj da 

jLLajj jk>alll dLtj tj£j ^jLa ajLo utoi t jjd^J ^jjj 

1 AJLiJ 4 1 da. ajLa ^_fl ^ a^lil ^/u La CiljLc LajLJI 4 t x^i Jei^iaaJI add 

Jv.a 7.II l a*V .La Lc^j Loj^X jj Si ^a.jLaJI ^ a ‘JI ^a. <a^LjJI ^al ja! aVI Ja^laa. 

LflL Vv old jLLla ^ d ^V> 4 t xa! aVI Jo^JaLaJI add ^Jl - . i . ^ H .(11 - 11) 

# # 

LaLaj Adda, a LSlloJI CiLp *.*a 9 . .Jala—a Jr.* in Cjldj <1 d-a. 4 . d a ^ \ A 4-jjlx 

La] <) dla. ^ LkJI JcxaJI ^|j laii .6jiJ^ 4ddJ ddai <dlloJI ^da <^ij^a^JVI CiVIdliVI 

. j-i^l (_^j» -aJI lr>* .^illj «^a^I 5jLSJI ^ ^ajLaJI ^alll ja ^_fl 4 \.fl Jnll JojJaaJI 

LadleJ /4JaLLJI CiL^l * i.a dLa**j dldj» dUdJ 4 ~w Jjj i^j$l ol^dll 0^-> CiLdL^ill ddX 
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cJliA jj Sj <U\1* L 4 I 0 J*l <JIU11 jiijla oLp 4 «i a oVLL ajVI 

^yJk IjJbj <^4 ^ la in 4 1 A ilttJI JaJa^JI j IVi fl 4-^, loll 4_£lleJI aaA 1 £-uilj (_£ J-a 

4 i ft Jail Jo^Ll^JI ^4 6j-^. J-£l iS^LuJI ill 4 t A olaJI Ja^la^JI ^jJI J-oIjlII 

j\JL ^lj J ^Jft Vj <<^jLuu1I 41 ^lauJI 6jl^Jl cjIj frl iAj tll LoJJI ^.j)•%>11 

<AjJ J l jo£ ^jlaJI ^ajJI j J 4 jlf. Jj| La. C LoLaj L-LIjla— a t \ Lojj ad 11 Lo 

. ^LaJih-a Ijlc. 4 jj£J Lu^jI 4 fth^fci a jj S 43ljU 6 jL»VI 


c-j^JI 4»a_fllj LgJtL* ^jajJI La jliJ i Jrfcll ^LAJaVI L)La jki^Aa ajjj L&£ 

<JLJI ^\ll (jo La jlx. Ciljj <M n i Jl jjjlj .(SljUL) oulall *<*faj j>aJI 

(50°K Jl 10°K ) I^jLho -iUS L^L£ ^ ^ V^jVI 

dJoJj 4 qLU.11 j^aq luta J5l Jjjj «CajJ a a 4a <ti Jv u lui pLajl a^lll Lla 

^1 i-»_^jVI iJLaJI ^ ^UjjjSJVI JilJ ( ^ ■> *■■ i» Jj-i) <J>5 <-5Uo jj ulVJ-s 

v-iula J^a ^-v ialu *j_JI jj ^L^al nl t-JLla gjjJ <4iUo Jcl CiL^jl a n a 

oLajLhdSLjJI^ iiU&JI ^ '* i^jL^JI || *|j^1 ^uSjJI 6.1ajj 1 j a "i a JLI 

Jl 4^j^JVI --S 1 l\'S\ LajifcJ <6 JO*ga 6 jLLo CjLjI nia CjljjJI <bj ii5v 


4a*^1 j^laVI 4ieja^ jf IrVij ( JJI J») <1 ojuluj 4jUa ol J CjLjjjJ ^jJj Jcl CjIjI Ja 

uiJJI ^^11 »>?JI yi 



3 “*-»■'» 11 <Ui£.Vtj j*j'^ ,lt (jw L» jULI Ja^lnA (11-11) J&uJI 
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JqjlaA £JU ^y y ill ^£a 1 —a Joa-uj ^-A 6Jj—Zkjl.1 j— l-oLaJI j £jJL jaJ-aaJlj 

Ja^lnTk jj Ai\j Laj£ i^JH mILJIj ^ja^junllS ^ a^ lll « flalaJI ^jja 4ajjll 4 a1a1L1 L^-aaLoIaI 
.4ah^ A 4ajJaj J CjDjI IfJ ^jLj ^JzalJI ij£j La jli. ^j£, <ZkalaJI ^jaal iaLqVI 

(^ajlJJ jXu Jjl^j ^Aaj £j\aJl jlaJI (jU :JjAlfl LajLu aIjJjjI La 

jflJ yi LfcjiajLiiL < l "kill ull 6jlj-aJI jl JA til y] £^L-uJI J)1 jjill uU ^ ^ya jjJuu jsJ 

0 

jUllolf 


_u . \ flJfl aa II (j^j La Umj ^A 4a^aVlj 4 -lL=JI 4ajlaJiJI j-^Lfl jJI 4 jl < ailla Lai 

{j* A al a> a CjH 4 >i a Jjaj ^Jx. 4aAI^X^ j^aJI jj-l-oJI cJj <JjjIo ^y*J Jl* dU j c- Lal i -U 

IjI^a ^ I ^y. ^‘ill jjaa ^jl ^Jc. ^ajSJI j\ ii II J-A-Aa uua «6j-^v 1I ^A 4 ftaXII ^y a« H 

I JA (j£a ^AaJI 4-kifi. * a La £-a 4 ajIa1Li <4AaJL < »1 f ^A La 6Jj^aj < 1 Jj. ly < lai^A^O 

: LaA ^Ua^iLail ^jajajG uaim» jJJjj <ljjj^kj-A jlaxll 

Absorption and Scattering of Stellar Light ^a-% ill pjinll cuJSj ^LaiaVI (1 

i tu < ^a^JLl JjJJI CjI J <ajJ 4 All oLj3jaJI l t*r\ \ a I j ill j la jl t ill ^jJfla 

Cja iL aJla 4 _il a * 11 6 JA ^X. Jaj <JLzw ^Jx. (j a.^VI ^..*^11) Jjjj *y +All) 

utl jlj^aj 111 fl j * * a 1 a *^Laa p »■ * * Coljk *^l JaX »j ^11 ^ * *j ^11 

111 ^Aaa i_jaauuJI I J^Jj i^a^jll <J^lo ^LclAj £_a SjaJU ^j-o ^jLLlI *y 4All ^j^Loa-alj 

*y aAII jaj l a jja t^ajauoJI jl <nil ^aaL_a. ^_lx Jjj^Vl <^ll Cu*iu <aaL Lijj pI a < nil 

< 4 ft j ft <aix yJk Laa> Ijlj a "kl 1 ill jj^JdJ ^Jja Laai Ca **u ^1 ^aLaa ^jl ja ^kVl 

fZ CiXfcitaJI <aloX (jV ^aj^JI jL-iJI <^a(aJI ^a111 ja^.VI Jj^lll ^A 6jlajJI ^laj J^aaaj 

< ^Luol ^ A^k\ll ^AalaJI ^A 5 J^-zw^il 4 A..*a^l j^XaVI Ja^lnu-yll ^lc jajj «^JaaJa JvaIi > 

^ic. A ja\ ll Cilfcl 31 *t>yIj ^aOll ^]/a La L i.ij 6jLa (j\j JjLaall Jx-LiuJI 4 A * Ja Jax. 

(jl * a t dlJjJj 1 4a.lfc LaLJI *y *All <Aja J^loj «4ajLixll ^jIajJI 6JA ^ ■ 

^aJI Oka^laJI J^a t^j-u 10 ^ jJ-Aa ^aJIj 4ajl i % II ^jLa jJI djjh aj jJcxfl ^aalaajj 

^aIoJlJI 4 a k ft II ^jl JLaJll I JA ^A uiIa t% ^l CaJj JaJj ^ A ~^\W ^ .All jl j ^ ^ I L^-aA jljja 
(2200) ^a^JLI J^loJI JaX. jkaa py -y **H lj La In * ay ^ A «w \ll ^ .All j^L^.a— aV 
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if* j-aj » ■> V >l (6000) JL>laJI jj I jl Lsaj i^jj U u.^ 1 

j^jL-uj jI j * I 1 ^ * jjlijJI 6jjb j\^ki^ Vm int *a tl<^ll <jjL_lxJI JjLajJI 

. ( 1 1-12) iTill La£ >1 2200) (_£jL_aj j) I jaS I jl 1 * * > > I (6000) 



3j^aJ,l 3-uljoJI j^lijJI |^C CCu*u £aabja (11-12) J^uJI 

Polariation of Stellar Light p^^JI ■_ ( o 

JS JaaL*a i n JaLdl a j^V 1^ ^LLaJbJ^I Lz^o I 4 J <U^><_^ya (.j t ^ 1) j y* j 
ill I Laaj c-j) .All jlloSli-ul aLajJ L ^-lc (E^ ^ 1 j 0<I1 JLJJ &L^al J Jj J l^kVl 1 A 0 'w> 

JL*_o 6j ^ o 11 ^j £a JjI * lain 11 Jj-a a -L^Ukl-U CjLyVI 6! .^.i a u) < > t n Jo La* -a oVL^a 

^ ^ ill I ^jla » LaJjtJI laA 1 LfrAjla. 1 Lg_L^lj ^a Ua 1 JJ -k a ^ < a i Ini aJLo 

_ . f 

Cua *1 Ljjla. j II JIUJI ojjfc jjl ^_ic Jja Laa . I Jn fl~t t u a ^ ^ a ^j^aJI l—* U 1 aj ^_fl ^j-oa 

La la a uj ■ *** A ft t La ~ ' ‘ -^j) a jj < Lay&a < ^ I <aal^ia^ul ji L^a^Jj < L J i S 1 "Jl 4ajj^ 

4_ajj_a_A ^ <ajl \ * H jaLfljJI ^1 ^JLc. Jja ^ jJlj ( 1 1" 1 3) J*\*7ill jJoal fj y t 11 
JLft_aa fcL^aJ £-a 1 J-A 1 * > n 1^*1 La" ... I Jj^^a iftj <6j-ftaJJ ^_i-a_Jo lail I JLftJJ JojK r>J 

jjaG <a^Lfc X II jJUjJI ,jLfl -aall ^a La c-l ifti a yill pj i^ll jJ ^-a jj-Cj 16 j y 11 

s # 

^ jjl ^aaaJI iftll iaIaL < I ^ tl La" , -W La‘)l ya LlLia-ul ell a A * ^ jJI ^ *^11 

. I Jal jjjJlL <J ^ a x ^ .~I <L yliJI dLla ■ ^lUa" < -.1 dLftaV Lu^Lu LI lnV> < ><1 * 
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<jjUlLq jjjtLo Lajj jLl*JI JjI JiLi. ^jA * LalaJl jjLuj 

Cj L- m a JSLi ^j-lc JjJuaJlj <<^SLlLJI 

^A (_£ jJI L^j^l <i*\ al I qVUjaVI jj S JJj ,W*> <AiJaj 6 ila> a 6 j l * *^ 

4-J^La-*JI ^^11 4 air VI jl ( < 4 A A SjIja. 0^.1 4_a j*Kll <^UJ| ^ , ,.11 

< I j LfljjJI CjIjL^AjI ^jA <ij Jill iiA y\ II AjUl jl <<5^Laf. jjill i*ilj^j lAjjliJI 

.ajJjJI ^^lolld Jja, lo£ 

(Stellar Populations) diiiiJU 3 w>Vill CiIj$ a V>ll 11:9 

i. t > J^j 3 iJjAj (Jjl ^ J n~t * n >j < ^aui ^jJI 5j_^Jkl <JajJj-o aL^. JjI 

* 

IjJL^. Lu^-^-o I JJh . <n (j-uiaJlj ^ a ’ill j^lolU J^La. fjA ^LJI A^JJ 

^IoLLoj B,0 £\jj fjA < U \\ 1 \j j OlULJI j «5JL$Jlj aI^II lj ^^a^-LlI ^Ja 

Sl^jJ! i ft“h ^iJlj «6j ^ *\\ jjJL^JI (HII) fjjlill ^jLa.VI ^-^.jjju^JI 

4 JI 4 JI ^>ajj 4 ^jaJ.I j-flJI <j£j *L* m C 5 J^I o° 

^j-Lc. Ijl ajfcl Sj 11 j *«4 11 ^ 1941 ^Lc (Walter Baade) jL» ^JLxll ^12 ut* ^ 
^Jl A^aJJ 1 $ t fl^o J ^£j-aJI l+i}lc ^A ^1 <L 2 ill jj-oLlaJI <Ua£j La j^o£. 

il^ail (11-14) J^LlI IaS (■->! a 7 "~) 1 ii4i 
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Population I Stars 5jfraaJI (1 

>*J £j*iVl C < ft l rk\l l ^ ^^ic. jlkSj 

Ja^j Liu Ja> ^j-t-uJI 6jj i i n ^jaj ^-Aj «6JjJ-^JI 6 jVjJ j-flj-lil , V j ~y^JI (jliLI 

l LUyjJ 6j i X 4 i ^_1_C (Jt ^ II) pi jw Jl (> j-A <jo^L-A <JL^Aj li^ a fc 

<(4%) <jj_^JI Iflikl mJjjuII a 11 <i*i jJLu ^ULaa „4 ha Ml j^allaJI 

~L-k~ n J^a Jiia A~ill ^j *i -k a ^j-a l fll (10 5 ) ^Jl^-a. ^IaaA Jui aJI 4 i i <> > Lai 

<Jjjlj ol jl * 1 1 A 6j..a 1I iljj ^»^ll djjfc <AJ ~fc ll I <AA.A.‘lJI n \ J-pl V* 11 {J i £ . 

<C.JA-\ II ^lni‘l 1 Jjij Sj^Jll < lift ^jxlAj l^ljlfclA j <I A Lu^Aj 

Sj^Ljj oL^ljl Lfli JJjJj ±i/^& (20 - 30) II L^aL&j-^u £JLujj . < j *i> a aiill 

<^ i mjjJI j^jLjlLII <UU*JI jk|ali <xjkC aJj^wj-LI J-aaLulJIj <Lii..</> 5 j^.» 

L^aj^j JaL^Jj tfrlj a-wII <lLH a mJI ^j_a JjJj jjx. Lf^Jj J(jVI £^jJI qLjLaa&JI^ 

.«_Uj£JI <JjjVl^ oljliJI * &y& ^IoLlaj 


Population II Stars ^LuQJI f^ a^JI j» jjJ ( o 
Cul£ l aJj■* fl AjjaJLI <-»Juill <JLfJI A < fll^'tll ^Jk 6 J-A Ja^I^ajj 

<L1a 4 a^aJLI ■ k 1 *Ai 4_uloJI 5 j. $ II ^cjj^I <^-»Li-L Sj^JJ 

jajju dlolA ,jVl a La-a j_jl£1 jUlII A * CxjL^ Imj <<lj ft*JI ^j^oIaaJI ^ya 

tJj-^JI jk^aJ ^klc ^ » -lL 14 - 16 Lu^Lj Aj^il jjaX ^j-a tjbj^aC. 4 ajJ9 

A (^/l_LJ (^JAiilla J 1 Itl^J < Lfc_J_2w <lxlil! JmUAL lxJI {jA <Llfl A LUij ^_lc ^ j " AJJ r JjVl 
j i^loxll 6AA (j^a ^ a^jJI cJMjd ^ tl^li <J^1J 4 * ■ gill ji < 1 * a Ml j. x^allaJI 

Aja u'i ^L: ^tJLaA <0.3% <LlLjJI ^uoLlxJ! ^A 6 jaAaJI ^ ~^\W ^_fl ^nm> ^ luj /4 LaMI 

yjft* aj gjAjj.U ^Jl ^j-a ^jnA «till a A J^a 1 ^ 10 ^ JJb ^_fl Jjj aJI 

jIa L^jLj^ ~>{J Vtl jJ d Laoll j-l^A « dljj (jnn.ttill <JjS (j^a J-5l L^J L^a^aJ 

Ijnl > i^jljl J_a < k i.7t~t «<J1 Ul i *<VI SjU J Aii (J^ Jail < > % i LIaI L^_jI jl J-a ^Ua a j t,Jj_^Jo J^aj 

200) La mu S^laS <JjIaa1I L^jIcj^uj CkiL^ ULj .ISIj itaf L^IjIj-a * *1 a ^jl LS <^ZjLu jll 

1 iA^aIaIjI 1 "kl <U*i»I^J JjVIj <AaIaJI ij^CLZfcJI ^J^UII ^jLfl 

J^A CjIajI AaaIIj ^gj jlll JS-ti ^lc <ulx!l <1 AAa 1I J^UA II (jo jJ! 
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ill J^-a j \ J JX t t^JI £jLil]l ^jjyj ^JaAa Lr fil^j Oi % ^lill ^^a-ll 

CjIjLJlII J^-a (JjlLaj <Jol a ^jJI^j <*LSjjJI 4-5^1 a * II ^.j) ill ^ja Jjii JJ-Cj (Jjfl H 

. I 4j^j VI j 

Intermediate Disk Population *Ua^^itl S (-a. 


*{sS i * 11 <jjj£JI <JLfJI B 4 all’ll I ill & j~A Jia 

JJ ,4_u^ J. mj fr Lt^-fc, k i Ij 4 flf- ^*J| i1 Q 4 _l_ij) I ^ olj 6jil 7ka > 

loj ^oaaJuJI JlLa <^>*jLJI ^/-X^jJI ^jO <iajuu^xa < 1 jJLlII ^j-oLlJlJI /^a < ti.ii't ^_lx 

4_L_LlJI j <^allxJI J^-a ^g^.-iJI U^^Lc. ( 1 .5%) ^Jl^^-lx (j 1 *ft * “ill jl i a 1 II ^ya 

<JJ^1I 6jlil Jjl (_£ 1 ,±JQ1I J-L^jl J^a 1 a^ ‘> ^n a *7> 11 j_lLaj LtfUjJj < (. . . ^j-ul j^jJIj Jj^laJLSfc) 
La_a <6Ja-Lo L$->U II v_Aaa^j La_^_aj . Jj-fl ^j_a <j^Li ■ CjJjkJ l$J 

< ^ 'V I II pLlj 4jj^JLI AjU.1 JjLjj .„i,i < <j jlil 1 ^ j, l-j-u flj ^Jx l VLt 

^-lx ^J.a,», il d^a ^.A. -y\ J/uJI Ixi-u^JI ^-fl LaIj)^ ^ a JlAj jy^Juaj 

4 K a \ II j^oLulIL 4-uC 6JuJla, > jJ^_li La J itj ,4 1 1 a ill j II 6I jfr~k ^k a 6 jljj 

> *% > <lk fl~kll j a^»Lul]I J^a a^-fljJI 4 \ i n \ Jjl J^jjli j » Jl^JI^ . 1 j inn ^jJI ^11 Jj-a ^Jk^l 

4 a > a -v aj^JLl JJL_JI ^_a 4_ LjlxlIlII 6JJb ^ a >i t a^_2k_II ^_fl ^_fl^ll _ > ^ ja ^ 

. laJLa. ^^jJI Jjj Sj JjA-a JjLt-aAj 



^jLuJI kjjJ Sjxxa 2 >A^\li CjIj() a Vill (11-14) JSJjJI 
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jiiifc 3llyyl 

SAjLuJI i—ijJ A-v ^r>lj A^jjjiaJI £jjVl jXu IjLl — 1 

SAjul^jjjJI *j^ 11 jS.il — 2 

SLAjaC jl liij^A ^-fl jkj^k ill JJL JJ >ft" jS-Aj Jjh — 3 

j>J ^ill jo La Iffci njJ AjjLulII Jilijl Jjic j-A Loj j*j ^ ill (jo La Jtt^-uj jjSlj ^a — 4 

SSjj-uajll fj^l <J^lj^* 

^ ^1 , Uj^i. jx (jo La CjIjUlI *1 aVI JojlaA. CjI j^i a a ^-A La — 5 

A^jLkJI plj^.VI 

6jjj-A *Ljj 1 I Jflil III A ^a ^k\ll pj.j^rfcII jjS I ^ ilfc liljj ^J_ll A-jSJJlII CjLajJjlLI ^-A La — 6 

S^j'Vill (jo La JouujJJ 

SajjaJLI aljjJI Jja. 6j^Jll aSj^ v a-6 

^(joSlftll AHaa-AI Loj i^iui (21) ^ajll JjlaJI (jjjjljJI ^LoIiVI Jj-oI J-A La — 8 
Sl^ 1 a JS (jAjL^^j Lfdjil Laj «<lA^iJI CjIj^ux^jJL Jja^aJLI La — 9 
^j^jJI ^LaI a Jj^jll AjjLuLII JiliJI aJjS * * tou ^ ' '»*» iJ&jS — 10 

jo La Jrfci.uj 5 Jj^jll AjjLcuSJI CjLjjjaJlj CjLSjII j-o JSVl Aj^li jSjl — 1 1 

Sl^k v ft^C\ , fltSj | LbdsJji jjSj (jjlj <^j^’ill 


oLojixll JjL» u>t% ijljAil ^Jc JS AiLUl ojj aj^-a aJjS ^julxL jLJLL ^L£ — 12 

jSj-o jc ,.\i jj j-^l I a ^’* v ^^ ^ aI**« l Lajlu .5j-aJLI Jja- jj j * a aaJI aSj^ jc- Sjijjll 

si jUj .A*kjVill ( j^aj ^Jc. j^Li^A.nil Lvfil (J-A <(iLajL jLS (20) aj^II 
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J U*C ill 

Other Galaxies 

rjafAj 12:1 

I jjft ^j3 bj JLZA\ ilJ jaII ^yA ^ V JJX, Jj-fi £ J-^.1 J <jl—LjJI , Ij J IjjjA. A j t*> *"l 

1'-%H ^lll Cjlj 'V.a U ^^-Iu.iIjJ *L^ JLi.k > Jj ^ Jl JJ_aj ■ al ^ya pi aLlI I n t J—Llj . ,^_ijjLl 

<jjjjljJI oLj£^JJI ill LlA *t duul Jjl jj»aj (<-1^ ^ (j a ‘Lul^-oV J! ^ 11 

- Q * ^ ~ ^1 a OJ-* - V t ^ I I ^->j) ill i—ukIL-ul jx«i_L» £_-aj «4-i A^alil <La_i_u ^"i ill 

^ if CjLaL^jVI s A 1~i^. a < Luj -y Jj J7jlk <> >■ i. A LI ^Ll^VI J^-a I ja lj_i£. Jjj) \\ ifl 1) 
4 ~ Ql p LlIlaC 4 1 fl k^ ajj^Jll v jOl1] 6^ aIa J vf 1 <d_J 1 i A 1 > Jfrla.tj LjL^JI 6^5111 

^ t f . <4 t i x AII Lj. nil ajjfc ^_a! (M3 1 ) 4 Lij.1 j .J, I *1jll 6 j%.ai JJLj La. ,L.fl &p l .i^nV ' 

. LkIij_^o jJAJ J Lkjl j_i ^ J^OJ l$J (^liLii ^JjLa ^JlLo j .Iftlc, 1 jl 1 Lik..n"»l j 

^,y, ,7k jj Juft > lL^I <Gl VJ < LuJ- ^ -a jiiA ili-ll j*-£^_a <_jBjJl 1 «ul jaX.^JI ^-Lc.j 

^L£ 5 5 j-*_> LxiljJlj (^j « aaJ Ij jiL^La j\ ^j^-al clJjJj < 

(H. CurtlS) JjjJb ^^Iftll JjI VI < ( LfllaJ JLi (jjl) jL&£| L> 1 ~t a i VI ^Jb La (dL-ujL 

4_uj^ JL>^ Lh 5 LILlj Jjj5vjl Jj 1 ^x. Jj . 4 I a" ... ^ Ll^.j L^. “'Ij^ a Lbj jgfc Lfl i^ljJI ^J 

P L^. 1j I ^ » 1 lU ^ ft ^3 jOJ a ill <( 1 2- I ) Jl^jl l a*\ (ajjjx. Cjlj-^—a) 

Li-O^J <_jLa 6jia^ ■ ■ *Jj ^1 XaIlliLi a > »"v ^ 1924 (E. Hubble) j,jjl (JUJI 

SU' bjy a ^ja 4 i ^kjLaJI plj^VI LLjlI jJL^VI a Jj All I ajJI jA>> ^ j * Lr° 

LfjLoj 1 ^-J^iJlj < lrw 1 J-> A-k ^ * i “II 1'lj 1 • v a jAj t <iLJil£1 < al g^»VL A Lulinll 

Lfi A a \ cl | >v i (5 “ 100) La <«aJjjJI 

OlaaIo < bCi^a J^jl ^JjlJI ^_a — 4-ijljjjJI) 

J_^a /jLcjj j > i a“t Jjl JJLJ VI < LajL^_j OI j-^-il 

I_ a 4_i V—C- I a ^ > a ^vJ t -y 1 J. * a 1 , ..II ^jl j_ t t,^i n 

.^Vl JL <ull^a Jl J^jJlj i^lj^l 


J5jA 3aS^S Ol j.^J.1 J-3 j jJli*. JIaj (12- 1) JS-JJI 
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Ol jaaJJ Jj-A t unl (2 - 8) 

The Hubble Classification of Galaxies 

> al* 7 iV 11 cj- Ail^L ^ 1925 ^Lc. ^Jj-a 

Elliptical Galaxies (^jjLauJ)) 3 Cilj^aJLI (t 

c5* ^ jrj-ul j-Sj ‘(Egg) 

6j-^J.I JjLfl cUj ‘6J>a. jlJjj J-* ^jL ^1 Jjj 

wij-=JL <r\ 1 iLaVI cjIj-^11 JK.Til wujll g-U^ll ^Jl a^jIjJI J*\xL ^y& 

^1* it'll I <. H«i ^k je-J^-L-O JCX 4 *k A kfl JJ^Jj 7 jftj^ L J-0 (n) (E) 

.<i^LxJ| ^^iLjJI 6j-aJsl ^JqAI (a) Jj^JoJI J^=JLI J_jJa ^J! (b) j u refill j^-k I1 J^le 

b 

n = 10 (1 -—) 
a 

l -Jb k. ij.-i.rk ^lll in II ^yA ?k A ^yA JS Jj^Ll JijLkL tjJJjj 

(a — b) s^ula J^jJI (E ^) y II \ a a J 1 cj d_u. ,.i^. 

jJl-^Ij ,(M 87 ) J < (M 32 ) JL* ( Uuu-j l^L^I U^ 1 ) E J .E v E„ E r E q > 

Jj j-^. (M) Jjj *-v ^lj_aVU ^x. jj <i k-^k. kl iIaVI Cj I j ^k II &jjb 

(12 - 2 ) J^ i, Jl ^_fl La^ (^jA A ) jkjJj^j 100 v ■ (jjjJI ^ i it j}\nkA 



a^iuuyi ci i ^=ai jiwi £-©$j (12 - 2) jicji 
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Spiral Galaxies J£JJI ol^ 

(12 “ 3) J<U 1 l A*\ ^jy JI A i 11 .a A, aU 1 1 <-JUJ1 Uj J Luj-A— a 1 ~t h n I J^aj 

~»i I : l—a-A Cj a % a ^J 1 Lfrjl j_> i ‘LkiLoj <luA O 

<JLaj Sj 11 ^< i a j-Ui SijJ L$J 61 aj Normal Spirals 

^_y a 4 -Uj jA-%. 1 1 £jjVI ^_Lc. 6j-^H y * <Lil» Jj. iA 4-iJ^j-L^. <Liiiia 

.(S) J^-ajJL S^^JJ sljj 

Barred Spirals a>m* Adi 1 ^JI ^.c jj Su<11111 <cj a-^11 j 

^j-a J ~> A~> ‘Lujjl^JI ^jjVI /jl 1 J-C La Lk J L*J! <_ujj N H Sj-all <■ wti t ,^_Aj (SB) j-a jJL 
Z.I a < *A jllj iSj^ll SIjju. j-aj ,, t k *A 9 JS *Ii J-lL < ^ i 11 j SjLaJJ j i>S ^-uLg-J 

1 * At i j Nil ^jVl wfllllJI <^jj w n-a^fc. ^ I >_fll JU^a I ^Jl LkjlxJI LljJj 1^11 £j\ yyl\ 

Lr^J 

. Ifr * At > ^j-lc 4 lflfta Lu j jJ.,=w 11 1 ^-C.jjl^ <S jJ-iS Sl^j l^J ^aJI S_^*JLl ' Sa 

6 1 ^dI "v t d a't yi 4 _\_t jj 1 -nJ I < 4 L < ..j^ t a £>|^j I4J ^SJ I Sj^ll ■ St) 

. LkLJI <L»jJ lj y a Jlo 

Sl^aJI Jj-^- A a Lu 6 j t * > 6 l$J ^-lJ I Sj^JlI I Sc 



4-ujJIaJI Olj-JkJLI ~ ' (12 - 3) JS-JJI 

293 







s-jljbnaVI 4 111, Aoll 4 > ijjj I 11 CjIj^JLI Lai 

I ^ f J j) I A aJI ^_fl 6 J iti I l ^ C-jU 4, JJ y^j * ~> I 4-ujjJLi. CjIj ^ O SBa 

. I AU 4-i-ol^io 

(j^j 1 < i ill Li Lc^-o ^^JciauJI 4 1 1 t , ^all I O Ij-^JLI l-i* ^ SBc 

Sl>Jlj £jjVI 

< La^.,i^j Jii aljuJI < x >,.un aJI cj! j ^ 11 y& 14a SBc 

SB be ^1 SBab £^jJ1 y* ol^.^ a L*jj^ <<a^^Lo £jjVI n AaII ^a L^_cj>U > *< 

. SBac jl 

^jJI cLtj CO^J^° '- ki ‘ L ^- fl L-$2 ‘L.ujjlrsJI ol^=Jll (JO ^L* pLaJjJI j SulA ij 

. jSjll 4 -La~i1I <JL|J1 ,>a uAt Lfl 

Lens Shaped Galaxies J&JJl aju^jjJl aijoJU (^ 

J5h *?i ^_lc 1 ^ 1 ^ “yLil aV I I a Ua_i-uj ^ j I K < 7i JjO CjI^ -y.il 6JA a ajj 

jl LjLc. AjLo (51 Vj . SO J~a jJL L$J 3-aj-JJ £jj1 JjAj jilj ‘^j-S 

.(12 - 4) ^_a L £ JojuujJI JjjLuL 



2 .....^ 11 (12 - 4) J*.i m li 
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Irregular Galaxies JSJJI j-uc a\ j^aJU ( j 


JjVI Jj-o JjVI -la_Al!l ^Lc^j 

■_u>I 17i L^Jj (HII) ^LlJI ^jL^VI Ca^j j \ v^ H ^LsLl* ^j> ^>j B.O <—u^JI 

.(12-5) .JLill 



JjVi i^aUi > j;j^u *j^u» (12 - 5) Jj^ji 


. -l^.~V-^ -l^ 1 > >. .tit j ^y C, 1 A ^ j t t a i il , .^-s j j < 1 ifl 1 ~s. L^_iLj 4_A ^ ~V- t ^x<UJ | U I JqaaJ I J) 

l^J ^jxlaJj JjljjaJll I j-A ^lc ^-ILxjj <_Jlc <£.jj-uj jtc.j jLi£. 

^jS Lc£ l i A X > ^jLj-OlJ 11I iuLiill CjI j-^-LI jyz J l *-* ^ (] ■*a * * Jjl VI in jiaLlj jl 


70 c 7c ^Jljl Jya ^-A j^hJ.1 /^o ^<ftII <LuJliJIj <(12 - 6 ) < “■ II 

Lfr xC^j 1 HI |IL> j <£ j i ^-fl <jjjllj < fltTtVslI ^j-o 

4 aU" t /i ^_l£. ^ZjI^A. a ^_sLJI 4 l-v J J AI ~ ■ a 2 . 0 ^/c j-oju^JI 






12 :3 

<jjLc «Lil "’k i n^ I J-k-t <^jlj^JI 6^2kll Jjl (12 " 7) J£uJI La^ A 'ftiji nil C jIL 

<^jl jJI ) jj. Lr^Jl Lg-iflLu jjjG Ck-k"t ^jTt a^k i > uJ-i-1 < l mfti i n II 4 aV a f. 

J/^k^.) IjL^J\ ^Ju l a\ 11 jlj A~i *4lLkJ fcjJLfl JJU ^ o l$J ^ 

Jj^JI JjjLaj jLlSlIIj jLiJI iiliSJI o I j c-lj^Vl ^Ti n*S >~ 

1—oi <jl_iA 25% la 75% 4 i mu V* cm L^ lZ.^ ^ ( (Pop II) JjVl 

Cj-> l^fl 4 i *ft til j^allaJI 



dj^JLI Jlaj (12-7 ) J£JJI 


JJj JjJLJ LajjjJ * 4_!L$_1! «—xX i'll Jlo (<Ajljiti c ) <LlxL oLjLjj^j JljVI J II (jl^J 

olj^JJ JLajSI ^ J-Cj 4 <_>La^JI <U_fl Lo Sj^aJLl ^/ul^ ^jlA a^»I jkJC ^1 

La-a < Ij i k^ JjVI JaaJI UL>^ (JjA^O ^1 xJft" • > (iiLuJI wJjJ 6jA—a^) ^kjjLJI 

<C.j-«-u 6jLjj Sj^JLl ^/Jl^ ^Loikl jlj a~h «il £_aj i J-» k 1 a iQ -vlI J-C-L-u 

1 1 *Ti kI jiCl-S J^< I ^la 1 Mi Lk j A i tAi ijjUJI <ti a *iJI L$J jjj 

oLx^Ij « Lfl-LzJ Ju OJJ^J ^lll ajJl Jj*a 6Jjjlnl 1 5jjL*JI <jL^-**JI Jala *h*k LcljjJ 

^ J J v * 11 ^j-a V1 j i^alla ii * 4 ^ 4 i -v 1 ^ \\S 1 .-.1 >1 a » II 4 a 11 ^ a 

L^iljlj-A jiirta a ,lkj ^ (Pop I) ^UJI Jk ^H ^j ^’> I J-lj La.\ a >j 

^oj <<JL_^J1 ^-ji ^ i rv o ^^1 4 I i a" II j /ya L&I~i rv n ^ 2k 11 

A \\a C. <<i^jJll dJJh <—uJ j l~k II Jjl Jn "k ^11 
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fktx. Cjj fliri | L-s. d . dJIj Lo |^A2U i>JI In <iijJI AjLo ^A 4. ifll iC 4 > CjLI jin 4*nl 

uUA 4-ujj 1 II £jjV I £jLaj 4jjq^ 4uiAjJ 4.%nlj <Jjl *k a JjI ^ 1960 

6j*t>Vi11 6JLI! <qjjjl-wll CjLajIL 4 yut> oLljlnunl 4 j_aIj£LI1 j^IjaVI <jjJoj jojlflj 

La£ 6jaJJ Z\ji L&j^jjo (JnJnuij Uf i iA" CjL^J-a) 4. .. U 

y\ d ~ Q jLiJI) SjLLI oLuj-a* cr^* ^La^jll aj-a jijj Jii t *(12 - 8) J^iJI 

^ya 4 fth^ ^ £j \j ^laLi* <4 ^jJLI j\ .tin! 61 Vil juLuj ^—SlLiJIj ^Lo^L! 6Ji A a 

j-lC. Sjualll oLwjll aJ-A jXAfl ^A <JU Sjljij ill itnl ^jl Lao <jLl*JIj jLiJI 
^jbj <*l2jtjJI <jjaJI 4o_ULliJ 1 B,0 £jill <j-o ^ ill aJla ^Jajlaj *<JLjJI oUl^ll ^^Llxo ^a 

£nrw <^4_=^jil ^U) 4_»jlll LflliSJI AaLo ^jJoLlo CjL^jII ^Ai ju . L>jjj <j uni j-a£. ol J 
aIjj Jj—=fc» oljjJ ^ AOi Jjjjj f^Ljla J a au clU jJj LxjU.4.4J J5l Iti *tI 4_j’tL < v aI dlL-A 

Lfil i4_jjjj2aJI J^jjVl (j£J jl £jjVl l-AJ_2fc-j dJjJj * L^jLl,*v JiLa. Aj >11 

plijjjl <lkL j.ull <Jjill ^j^ til cifcj 4 i, Jjjjt t Lol (^oA^jJI Jio)5j.LlJI cJjJ Aj n> o ^A ^UaxiL 

L^Lol ^LjjIo ( j kx^nflll Lh jaC 4 ajijj QLiJj Ms <<4JtjjlaJI CjL^jII <jjfCil I 

4 ^jjVl ^-Ic. *L3jjJI 4 _laL-uJI llI j^Joj ^1 a *4*11 Ij^Jj 4-aS ( jx IjjJU J-a^jj 

Lc-ljJw ■ Uu “J Lao 4AjAjuO-£ 4 ill ""11 oL>jll (jo 4 l*^->LflJI <il aaJJ iluL£ Ijl Lj-^La *6jljJu 
^Jx. L Jij| Ojlnlll ^yTk \~ij . ( ^ f jl j y jJI ^jjj-laJI l fl-K xii CjIj .n.11 i*j til Lj <m 

<Jjl jJI 4 XjalJI Lajuj <ajL> ix.j_i.uJ ^jUJJ J^ljJI jjA Aj^kJkl Jjjj <jiLl^JI oLwj) a “til 


AjaJL) (j-o 4 azw jLaJI (.IjaVI LJ jJ-u aIq ( jA^J| ^_oj «J^jll jjf. LjJjljjI LaK Jij AjLL 
(^ill i>ojJI SjaII Jja. 6jjJ Ja^ 3 < ^ r fi <jjiaJ| jjUj < LfiljjJ ^ >a»Lu 

LfJ Luj>JI f-jjVl ^jnJkll (jl ^J_C 4jjialil <6 j-a1I {y* 4aLwIjJI plj^VI 4-a.l 1 \') 

JAJ AJ^JLl j^J-O Ai11 (jl Jj J f- Lilj 4 t oi^ll CjLxjII jLlAJuI Lcj-i-u ( JA jJ^I Lj-OJ 

jV iJaaj L^Jaaj Lao < f jm ( j> A <AjLaU <jJLl!I oLflLj^JI ^IoLIaj n> *11 aJlA 

<ojjjlaJI 4 aaL5SJI CjLajII ^1 pLaLlJI v q " *JJ *<-ujijlaJI ^jjVI jIoj Lo 

jJjj <Ajjl n. o CjIj^ o (jA (jj-aJIj jll 4, tL^ljj ^ijLaJi Aj-J 4L. <<lj* Lol Aj,nJLI 

* 

,6^aJll joji jialjj JC. ,jt i6jaJLI jjifc Uai 
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La CiI jLt 4aill£JI 3 jj1oj j-kiU (12 - 8) J&jJLII 

Olj-aJLI j^Isj 12:4 

J^l^o Jioj 4 oh ^ 11 <jj^JLI £|^VI (jl JjJb ^lflJI ^_lfj 6J_>J£. d>l^kml iSLLflJ) jilt I 
(jl a J^jali 4 i^KIaNI CjI j-=kJJ (jl , V.Vkd uJA hCiI^aJLI j^Iqj (j-° ^ fthr^A 

£J^aj ^Jl CjJ^I jjJjJjJLij 1jIa 4J jj-o CilJJ 4 ojI Jj 6j 


JIj ^ q ^J| <jj^SJ| ol j-^ 11 Cjj^laj iJiA t a Eo kolll 

^ Si) LjUj^lzk jl olj-9-« ^1 *iJ >^ 2a ^ l nii>l 1 L cjj-a2-*-*jI g-jjdllLj 

.(12 - 9) ^Jlill J<A1I Lo£ 4 rJrVn 11 J^£. CjIjaII ^1 Jj-olJ 1 Ajjln 
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jLoJ . al A"<l j] Jju A AjjIojJI t> JA jl Jju 1 a j t (jA-u lju^.1j 

A^oli^j Aj ^ Ijl aVI olj-^Jkl i-klr.1 ^*i ^ Ltt'N t^l j-=Jll l$JJ-^J ^jJI A i A^h til olj $ "ill 

4 

J I \ a J <jLiJI j*o Jfl5 J-^JJ J? jLxiJI la > r A > > L^-ll -l^uujJI ^ 

olj-^JJ j-a jLfl tlllj *S SA^jjjLa. lZjIj a ^Jl jj InVt > JLl£fl <6 J-tJ_UtJI jkj -k\ll Jki.lt. \\ 
Luj-Aj j-ajlJI l$J ^jJI j <4 a >Ai ^_lx 4 A U"\1I 4 ^jjjWJIj 4 t ^ i tl aVI 

^“^lll AJjfc ja j-t^l I JJ-X j JLUVI ol^l jl fi.jJI ,<i~. (10 10 ) 

A »j tall *.j ‘>11 -*.~ d II . ■. I j «■■ 11 1 j»*m i^’i »lll tljjji *j ■*-11 j | la" j ^ Ij ^ ^ 11 A a t J aJI 

^jj j frloa-fl <A-ujjirwll £jjVl AjlIqI titllj Ail Jjl *LijjJI tftljill »lj, a -kll 

l ^ (_£j^U klJlj L* jUjJj «A A-^ JiUVI j^O j-Jt£1 CjLxjqSIj AjjjVlj jLxJI ^^Jx (^JULiOUJ « j j lll 

Cjlj-aJLl jJ-lruj jl JjSjJI jx j Ju jU jJj * LaJjuX j-o j-i£1 Jjaaj 6 JjAzw jjj£j pLl4t 

j-AJ|JI A uTt l 0 U ^ I f-IJ A "k A A I Jfl jfcJJkU ^ lx I fl j^J J l A, L/V.illl A1 ^Jl <L-UjjLrk.ll 

cjIj^=uL1 La jju jj-su <_ujjl^JI cjIjaJLI jl ^x.jJI ^ <Lx^uL1aVI cjIj^JLI ^ 

4-K (jj£JI <Lk^uJxiAVI ol j^JLl JJC. jjl Jjj JUa i I jaJU VI <-flj^jj»_ll <Aa» ilxUVl 

6 jJuo 4 i iLl aI CjI^) *y*> J1 aSa| fcLyu 4_ujjl^JI CjI j-^Jll JJX. ^lc Jjjjt Lojj 

J.\ Yi jjlj nil OlLLJJLI JK i t.V 1 jj| ^Jc. Jjj A UJ ^kll CjL-uI jjll (jl U£ . Jju » ttiu.7\j 
iajjj <5^Lc jJLlA jjl (.UUII u*« * jl . iul JiJI ^-y a\\ ^1 jjj]| ^jljJI ^.jjLlI L jjjJo ^j£, Luj-i*. 
.6 j^Jil ^Ulr> ^ (Initial Angular Momentum) L a^I jJI 5j^uJJ ^1 jjJI ala^ 

jij jlljJj < (&jj* 1 ^) L lIuKj i J* J t.tt «-^Jq-u 1 ^ * ufl\ Jj-^> jJJj Cul^ AjjI JjJI A^j^JI Cj\j aJLti 

i 4 4n flj Jj^ jjJj oul£Lfl a aVI oIj-aJLI Lol . jII jjI ^UlalJlj LI ,,. t \M I J_yo L^J 

.AliJUo Aj^jJj JoLuauV(j w U i a " 11 Jxo L 4 J jiljJj ^aJojujjXo^ (L) Cul^fi i 4 U i . *Lq <Xj^uj 
[4 Lua ^SjouSy £ ojlifl idjUJL^ Ax.j-i.itt 1 ti At Jjzw j j Jj Cul£j Aujjjl-k.ll olj^JLI Lol 

jl ( ^lc aJuJjJI <±jI ^jVI (JjJJ (j^ajill jj ^lJ 16 j i ^ Aj^jJj lllj Jol ta it jU 

jjjj Vj JjLu-lua J<1 tai 6j^Jll jSja JjJj jLiJIj jL^i-ll j-o Ajj5v1 11 AuJjVI ^j^k\ll 

jj^3 g- L u [am iAIojA a .m AjJSJl L^ISIU u flu dJjJj <Au^K"irkl ^j-Lt ^kjauJI jjo 1-AjuX. ^Jx 

+ p 

^ ^j^k\ll jLjlJI j jlsJI cjljjj^. jjf £j I jl Lai i (a-jouJoIaI aj^JLI i) ^j^JU ( j^jjll 

< L^-iuoJU ^Jx A jJA.1 J (^jLt jjjJLuuj t^uLa^ (JjiAJJ ujjuui l^jLfl tSj^JLl jaX AjI Jj 


299 



* * Q s Q } , 

Llfl j ^ft 1 iii <jjt i i II A jLLl ,jLfl HI 4 ^ ilij i L^JLfiUo ^ 1 i i^n ^Jl Laa 

JjJLA JjU QjlAj <-ijk-ill jli Ulj II Aj^Jll ^jl*n a ^Jl ki^ll 

<kj-ul^j J J ^ ~n ^1 4—JjYl <_>j^Jt! <-jj %j.g II ^lIHI <-C-^-cu J J 1 n ^J1 ^ ill 

Lai ((12 - 10) J^ I till <J> 11 <jl ^ i (ill J JJUAJj LL^ull 4^_Jj Yl A-flljfdl 

jJjIj ^1 jlj tS I <JL^ j^JI Lu jh )w . n 1 A 9 11 CjI J 1 jj uxlu 

. JjLoIII ■_ pt^all JjjiiJ Laa ^IjjjJI ^jljJI ^>11 ?jij Jr> Ajj i*~n 



3,ijLAihJlj ^ujjJL^Jt CiljaJU (12 - 10) JSUXJI 


Galactic Distances olj^JU jbul (12 - 5) 


(^AaJI ,<]j£]l JIa < \ 1 hLiujVI L^al>1 (j* uulj CjIj-=H 4 * t Jo ^J. lc ■ JjJlIU 

i J ll j jvljj ol j^aJLl AJJI jLjljI Lflj 31 a Jj V _i IlJI 6^ ^ A t <jjl 5lLi 

*—jjLSj ill * jj-o Lbj-uuu fti vtn % i JS^iu <51 Ajjilo ^ ^j (A^jaIII jj-Lu-uJI 

a j ^ « Jin <_ojxJ1 CjI j-~k2.l ^j-o JjlIs Ji Jt I 4-L^LJI aIa J a 11 ni"j .lujL £/-i^La * ■ 
^■Jfi*i« hi llLa LLL-o Ll^JLI l o^j .5jjUJLl oIj-^JlI Laj^xj ^<LaLH a 1^11) I ^ ^j j jj I 

<5}Lc <ljkJ! A 1 a ^5 ^ K ' ' “~j iJ^ikllj A t-U 11 Aj J_5 ^ A lr I j| ^ 11 ^j^JI J JLi UU 

(<^LuJI < a a (nil) 3 lk JJ Aj k »~l! I J ii iajJI ^ ^ * I d°jjl — 4_ij|j^i]|) 

pi X A ( t jl Ja iju "W ■ <1^ 4 A 11 < iAJ l *A 1 <JLfll J-A ^JlaJLl Aj J-5 j J»kL-u 

4-5^ LajJ I jv^-all (»1^ a^II <5^1_a.j.H II (Aj-uLILI Ilk* jJI JS 5jjLjjJI 
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(HII) ^jL-Vl II (JjjG ^ialxoj <4 \ Ay\W Aj-aLjJI < La^jjjj mlI 15^1 

^jA ^LTkj jlV J^llaJLI jrt iA7» plii * all ^juLkJ J-a k 4 ujil 4 « k*kl I 4-kjljJI 

Jk'd\ ^j^LiAl <JjjJo l -a 4. ti il-i II <-ujJI ^ja cUj »" ■ “ 1 La LJLtj *<j\a _a f\y 

J5L oLuiljJI cJj s2j Spectroscopic Parallax Technique mjj 7\i ^,VI 

^ ftj illljJ 4 Jl£lLa olj^a ^_fi £^_iJl (J4A&J < 2 )LqJlJ 1 ^' (LIJl^I) JjLl oJII 

(_£j-A.1 <Jbjia (J a l *i«< I*IJ 4 Jvfln ull ^^aJ» UjiaJ ^lll cllj ^jA JJLjI uiiil * no Uki\ Lg-aljjA. 

^Ic. dlLjb * u )LLa j \ j£ aj «L»L> <LL&11 4 .j j,ojaJI ^lc. 

I J_A* (_£ JJlLj V jlkll 6j J_A <j1 vlu.^k > ()La La>JL) Sj^JLl ^J^aJ J-ta^ojI jJiVl 

. JdiUiJI 6 JJaj L-o jjSV 4jjJA-LI CiUI 1 *ill juLlo L-» r (M = - 8 ) jAj lilX- 

uxa i JjljI 4^-v « oUl * iu ^Lii 4 *JI 1 ^ t fl ^ J aJLJ 4 -jJL ^£jLl cJLlAj 

Jlkll jJlaII LflJ j£ a ( liy.^ aUi II olj* *t < lit I AA j_j1 (Jj» ^IftJt u^jlib 

100 L ) A11 pLfll mil juLiLq £ * iijj La <^JacVl L ,.U 1 ^ Jjfc (M — -21) 

. (5,Ua.kll olj^b all) .ilLijL LJJ 

JS * J-A.lj 6j-a t±j, I "k~t CjIj^JLI ^_A [Syjjjj. iii,ll AjJ&Ua 6 JjA ^A u-UJlIIj 

jjlaJI (JajLaaj ^ilill )L>L jUoajVI uAabjXhijj La It <jL 

ix bJI ^Lj IjlA^ <<_51^jJI HII ^lalla ^blaLlxxtl Ja 4 tiij «<*_») j Oj^ia cJllAj 

jlallo J*^>j jau 13L . Luj^J <1jIj <J/JL-o ^j- 0 A^A^a Ol^jJI HII ^isLo 
CjJ < /*>j J-L)J . l^UL kJ» 'Ll <jjJbliaJI <Jjl jJI LAjUolaI Lu juL j^a> < La dj^Q HII 
(175) La^Uq IoamjIa jjl j-q HII ^loLo 41 <i a-a (M33) <_uj^L Zj. y.A 

lf3l j olj-LLI ja-aIac ^.1 j-aJL^u! Ja LaLa ^j LI <^j^1o eJLAj eL*jL> 

4\\» a uUjn^ a CjIJ^ jll « ^_lj3 L 13 J^jjo ^jl^I) !,.\a. aJaJLjJI CjLaLuII 

c0 ^il JjJlaJI ^A 6 j-a-o jJLV Jikil Jj-Lll (J^ij^Aj vIua olJ-A.il J-kAll£. ^ a m") 

4 _ol J_^_Xi_u! a* JjJifcJ . LjjIj k ‘ “ La 4 ^j^aJ1 4jj-LLI XljLxII ^ I 4 IAJJU jL> ^lllj 
J ilalj niLujL L^jb 1000 1 ilA > (jjSLi ^aJIj < IJJU jiSVl J-aaLxI! oLaLu^d Lt V 

ol J^aJlI JjLl UJ^QJ UAJ ^.ULA. .J^tL-ll 4 AJI Ol l | i^lj Ijoil 4^A.L {jA <L.UJ 4-AJjLII 6 j-A 
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(V) j,toJl flj LaJ*n j <6 jAjS pIja CjLiwIjI LgJ » £j tli Aj-AUoJ <u <m!L> A.U ■ til 

* 

(_£d-a ^ja* A ^|1 til JS <iiuAj ^jJI I (jli «<La^ a c- l^a-w <^ljl l^J <_i_)j_fl A^aJl 

l-gJ 6 i J 1 t CjIj. (3"° ^jLa-oJI ^ t^nll jiU Aj I .(V) jc^U U-jll JljLVI 

(j-a j <Jl^. j-a Jl^lal ik. ^L*-o1 Ifria iLiJUjI Ljxo ^juj fit LljU Aj ; o^ c-lj a-k ol^ljl 

^ja «A ^ti t <it\ -y j a*kVI jaj <G^Jj < JaJlLuJLI (V) £_iij_aJJ Jl^loVI ^Xo 

* 

(V) jJ ftll A \ \ i i -% ol j-uLj^S ^k‘> V {j^k lA I jjb ^-Icj <(V) all ^jll 

CjIj y~A £_a AW* i olj a <jjLLa Ja£. dii j-^ tg^loill t_t%j dlljJj . A J > * aJI A^-Tw-aII 

Jj> Lft^7 ll ~VJ ^jJI AJ j a til olj-^Jll) oIj'V a JjjLLj LuLi r<_kJj»fl 

Cjljji ill uiaij dll jJj . ( LLo <_u^_L)I olj^JJ) 4aiji CjIj^a £_a (^.Lc j ail 3 L ^j^U 

dlt {jL. Loialla LflMjL^I % flhVi j2 aJaxjJI olj^Jll (£j-* i ullj ^jLfl <jjjJaill 

j— g A <_ LjjJcxj Ad )i ~v 4 ft^jJa <xil\ Aj <<_ uj A II CjIj_ aJLL» AJj—_zwj.il 

cjl^^fc all axcI^ < aj > la jjIijj < 1 ^~tvC a^sJII (juu I^jlSj Tully - Fisher Method 

Aj-=hJLl Jjj <X.^JUJ jA ^LSj ^jJI jSJj <Aj-iJ«Lt_a Aj-Tk.lI < h*\ ^jajLaj Vj 4-Uj>^laJI 

JaaJI dla AJJ J^a Aj^aJU jjljjJ ^Cj^uj jJlAjj (12-1 1 ^_fl 1 a*S 1 g jJj^ ^_Lc. JLA l \ ^jJI^ 

^ J ^L> jA*J j jjLfc-cJI (^ 21) 

SzJ\ J^a CjL c^-i-uJI j 1 aiil jV ^Ur.V| ^jil uuaA, ^jLa-uVI ^kilaJI JaiJI dLajm 

.(12 -12) La$ >VI ^UJI Jl S^UI ^^5 
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In^ II lift m Vm ml < ^i^ilaJll jJ_iJI) 6 j_=JU <—xjlJjLjJ I > 

j .\_ q1 L 4a\jL& ^jjbllaJI l-Ajj-5 ^uLi_L> La j % > j,.\ >. u u.^> <^J*1 a > >VI 21 ) ^jjjIjJI 

jl I i 1L> LaJ^G ^ J a 1 a II Ci'"^ 4 « a*2sS | ^ o 4_ftlWil j| J_SV1 (J1 ftl *i i ill 

. AJ y^a ^il A>=JlI ^rk*JI tjfyi j.t.nll 



^^JjfjJI Jo^JI dftMl ^ 3 J *II JlJ51 (12-12) Js^JI 


The Masses of Galaxies Olj^ll JjS ( 12 - 6 ) 

^ ^‘vll 4^j-=^ ^ If* JjJIjJI ^ J} ulal i A Jl. a illj Aj^LiJll CjIj-^JLI 4-t£ JjJaj 

all’ll ‘U^.jUJI <JjLc ^-J-C. jl Aj-^Jll jf£j_A J>-^ L^-jI jl J_o ^J9 

j I 4 aUl 14111 ^j.^lll 4 ^ 1 jl «- ill <jj| jll <Xji iitll jul * Q dilj ■ »llfll y < Ajjl -^JLI 

Aj-^Jkl jifc a Jaa J>,« ftj fr Lrkll Aj^JLl jySj-A LaJJLj .4 *.. .All . .-v ■ ..II 

flki u;V (JjjJLI) jJliJI Li ^InJ > Li»L-j jftj-fl J-A l a *Sj . ^J-S>JVI 111 4 1 x ^\11 1 

:4_Jllll 6jJ-j-caJI ^-Ic ^Li 

(Mj+M 2 )p 2 =a 3 

y\W ?*■ a ji 4tT*C 14jLi-oVLi ajjUJLI aj-^JlI 4tvC (nij+m^) iju^ 

4In*ol^j 4 ifl * CjLc.jml-lJI (J*jL5jj <AJ-UU-J1 AjJ^JJ <J^a. JjJf J-N Jj^u-ajll jvn»ill 

aLaJjI JjJaj JLjjx.1 HU I^u.^ 4 * ft *U11 ja^Lo-U ^jJLjjJI c LjiVI 

. AjjL^JU lZjI^-^-11 ^gyxjuLjjo 

Jjl ■ LiuL-u Aj l _^ jll jJJL L^il AJjJ^J 1 0 L^jl^a-A J)£. ■ 1-^4,.11 jl ^ ill jIajI LaI 
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21 JjloJI ilauuVI ^liAiAiiL <AJ-> jjJu CjIcjmJI jaiLa < ilaf 

6Jjfc ^ a j ^ (_£jjjljJI frj iAH ,j-aL-<a_lJ jggi j ^i -k 'C/?"jj V J fl ^ CjIjJ j-C. jjl wJI 

6j-3hJLl 5 j j a *i a JoLL aIc. <_»j! ji.1 uilxj in II ( j4jLj.a ^_1c jSIaII jL_Lc! j_L1j <<JUJI 

^Jc. jcJlLlllI jXJ .wdJj jkfl t*\ J La 6j-r*JJ j*a < i A. j LaJI e.lj_^Vl <ja LI J^jI 

(1 1 ’6)j*s Mill LaS 4-kJjjUJI CliIj -k II <fl I Jn*> AJ (_£,iJlj (iiUJLI J <-Cj 4-uJI) ^ "k in 

ilLaJI Jia^t fl LlULI In^k II Lai <4—uj j U11 < L_uljjjJ! Lcjj-uJI CjI j\-kLa ^Ic. J^nlll -U=JI Jjjj 

4lnj~k 11 ^j^Vl jklj^Vl ( j£. 4-UIxaia 4 v j l^J I {. I>VI tllj.^kJLJ 1 a \ > % <_JIHI 

.iJlill <L I nljj ^aJLl j^jil 4±K JjJaj phAJJ (JaAaII 6>UI Lfl-J 


J «* 11 £-a (jd-fcVki V UjAj CjjL 4jL$j Jj- laA < 6 j^il J^a ^JjJLI J-=JI *UC <£.jjulJI ^ >lk >a Lai 

CjIjAaII <j-liu1Lj . ^-Jjll tj^JI JjJ^. £jlik I 4 -. (juL> 'J <1 a£ 6 j ^ all jl ^lc. Jjj Ua 

^iJlj velocity Dispersion <jlju-uJI oluu LajjJcu ^c. s\ ^j^l <ajj!o q <o. il * I aVI 

* 

LSI J tti C, 4 t -w ililAVI y LI Jj_2k ^ aall jjJj £ju ^ <6j "vll 4_tl^ ^Jl 6j-*-Z>Li_a (_£jjui 

I JJb /t jSjj <-C.j-iii.il ."i" t ^jll I jjb ^CJjj CjLcjjluJI j-a £^u\J ^J-a jLuj < 6 j_lkll J^l J 

LklfcJ i l^ljloa <JLc oL .j l ^jzkjJI k > tA < l >UI jSjo ^ja ^_jjaJL IjojS ■ ^ al 11 

UK Sj-^II <Jj^ Ojlj LaJSj t 6jaJl^<3 Lc.j-l-lu 6ja ail <jl^jUJI t-1 j-Jk.Vl ill ‘*'jaJS 

IjJjAj uU**U jjuLlAA Ij^Jj i^j^JLI j^jll jt d JaJLj 4 U. q \ <j] \\c. 4 r_j ^ ..II ^ * It 1 jlj 

<Ja^k^La j_a <X-jxjlJI CaIaa«J ^7 lj"k*i*i*l jkAJj (12-13) <till La^ dj^Jll <JjK ^7 IgjXml ^Jl 

■X4iJU ■ L ^i6j^-all 4 flh^w ^ ^lolla ^j ^ ill ^ja O U j-a-=kJL 4 j^'iil 4 1 Q ilill JpjLtaJI ilLa **« 

4 flU’i11 <_3 L_£|jJI ~J AilJ < ii "S-1 \ll ■ -.i <J -W 11 4 i. "V A 4 i 0 tlnll LjL-^ II ftJJb d A A “ 

Ljj aj jl Uc IjjJU l ^ jj% X I jja ^jllJI c ^jLjjJI ^LyiVI 1^ii 1 ii tj «5jj j^jJLI 

4 aL’il I O-iljJI pj a^A-U <Jcu-iijjJll 4 fj x.. I! ji.l t a n J-A ^JL-klaJI Ja^JI til a m jLfl i^jOjVI 

■ Aj^JLI 


304 



f Cm* <Vt (12*13) JS 4 JLII 


Jdlill d_y l^ dv lU.i a» (Double Galaxies ) ijuldJI «Ujj 2 dJ <aIajVI cjVL^. 

j 1 Jft <0 ‘ L*-fi A U 4- JflI I J L-V t( cI^IaTlI I A lvs 11 I > fl * S*l 

, dj > 1 Ti L1 <Jj£JI jj^^o J^-=w 1 aaki ijjj d*j duiA 1 1 j. 1 dj^- 1 oULi-u-aJI ^_a iLxsdl 

. Ijja. lj-u£ 

1 a a \-v I ^1 _Lo ^jjjjLkc Ja-o ijj I j ifljjLa <<Aj^JaJI 6JJh jkl laa ■ ‘L^.ljp ^jJI .-.1 .^\\ d-a_$ 

Sx£, £_Lj Lqjij ^jJI e- 1 U.-v Vlji ^ If lie ^j^JLI j^Uadl J_Xj < LjJ A v > <i\1L> 

<il^ ^lc J «^ > 1^1 < 1 » ..L^jVI SjjLfiJI ^-SLu d^J < Lo-A ijjljll 6jjjJI d^j 

I4J1 ^_le <L_uljjJI a aUWI <Jajjls ^ I , .,1 > 6 jAa 11 Lij^JLl Jj^JI « l (j * * a 7^ 6j_^d1 

6 ^ 2 ^-o Jjd J >11 <Ul^lJI ol^^JI ^1 iAJ i^uL lie. ^jJI A ~\ y\\W dJj d° ^ A10 I 

d° CjIx-qS 5-AA- ^ oVU I 4 J ol^=JLl „ jl ^ ^LJj dlj QnwVu, .L 

.nil < >KH 4 K11 d° 90% ^ \c. ijLuJI ^jj j Sj^-a <JLa ^^ ><v *Sjlil 

(L 6j^kll <-uljd») Sj^ll d^ 1 j aLaaII <i4$ (M) Sj^Jll <-tSk d-* 4 >*<iill d 

,(POp. II <-X»UJI 6 A ^1 1 (Pop I) ^jVl 6j^_^=JI ^ J ^ 11 a > I I (^£>1^11 

/Mv / . “ 

d^ * L i^j-uxU idle iaifl i jpOA.VI d>^^ olj Sj^JJ d^ 1 a>J 

^ild*YI (d° *j-A d|j (idLiJi ^_A i-uHJl 6^^ a*w 11 

dj_fl (“ ) 4 i^uld ^ . A a ^ \ a 4 A l a d_^ ' ^ -KH 6j-a-II d d d^ Dl l ajlu 
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6 j-A J!Loj 6 J 4 ft ^ II J-a 4 lr-fch-t a jVl 6j ^ a^ II j-a 1 *AJU jl ^iaj tlllj 

^ lfc j^ 6j^Llll ) 4^jjjlaJ| CjIj'S al 1 4jjI jXjjjil I j ) t^ll JJjj <<ojJjIa. <jJ& Sj-aJ .1 

jLLa ja JJ£. J^-=k.j J-U-fi (JjL-uV ^-Ll ja 6J^A-LI) cifc Lai «4 allria 4jjLt ^ j^ c 

^j_c ^Jc JjiLfl <^lLUVI cjIj ^ all dfc Laloj .<aLLuJI (HII) j^LiJI ^jLk.VI ^ II 
^Jl I n^l l J-2WJJJ LaS (HII) iijlla CA^-JJ-^ LjL^- jkja£. 

^ * UaVI ol>?JLl ^jl_>JI J^JI I j* <SJi L> J ^J oI^ (21) 

jUaSI^ jl^Jlj a^ljjj 12:7 

^1 j-h-~nul ja 1 1 1 LiLfl « La a J % > l jjjLjB Ijafcllal auL jl^ Ijl < tLiL-u Lj-til LaS 

. 6j-nh. all ^jJbUoJI jL-flJlj (jj iilaJI jJk flll LuL-fi ja 6^_tiLi_a 6j_aJLl ^ 1 nnlj 4 -ljIj^j 

* 12 6 * 

iulja Ux^, (10 ,z - 10°) jo £^jl jju CjIj-sJLI 4-ulj^j jO e l ft L II _L^j JJL& ^Lc. JLlIuj 

jl* jj l aj q Lai <dL*jL jJL£ (100-1) (jo ^ ill iJLI Cjlj^-^kll jlLxfll £j\j^ Lalu itill 

Lai n itill ja l ft* iA (10^ - 10^) jo CjLjIj^ LflJL Ljj^laJI olj-^JLL 

ja *- * ^>j1 ^J-a 4 1 1 tl aVI .-.1^ -v 11 JjLaj LftJJU <LLujL ^L*C( I Ofi- 1 0) jo LbjlLfil 

olj^JLL 4 t LLaV| j k fcrfil ^c.jj'} iLkjjjL^JI olj-aJlL ijULa oLuljjjJI 

^Jl jo < i *ulll |k * ° «(Dwarf Ellipticals) 4 > all 4 t ^ iIaVI 

4j a*s aJJb jli C—— >1^) Cul^ IjU <(200-50) jo ( - ) 4 t^^AJll g" jjl j^ j 

J^I a >JLl djjft ^kl jl * till <jjo 3 La-a J5l 4 Lm a i ti 6J^j J^J jus 


IjU (1M) ^jVI 0^11 jli LuX>LJ\ olj^llj .(^ 


/M. 


frlj 1 ^ j^LuV aj^JLl 4_li < C jja 4 I m a iti 4 l~X 50 ^ ^ 1* I cJJj jLfl i La (-_ —50) 

CjIj ^ all_ j-a jj^l 4 jaj 1 lUVI olj-^-aJJ ^5 jj ^J LJLc j * il iaaa iu 4_ulJjLo 

L L 

.4-ujjLJI 


Jl>1 S±C- i LflX^lrmi jOJoJ <4 \i* a oLui^o v^~w ,.l > iCilj-aJll jl^JI (juLi ^xxjj 

La-a r 4-jjjjiaJI lILIj j^e Ijlj ^-kl jjil 4 t ^ A A sS I ->l j -^11 jLfi ^Lc ^4 fll" ^ ^ L^e 

JiLk ^~k -k^ < 6 J j l_J I pIj a -k II ~v\ll ja ^_jl ^1 4 » A , t \ 4 t ^ K 1 A VI --^11 j| \> t 


306 




^LLuVI dj^k-ll ^^-4 ^l-t ft4 1 * Aj l 6 6^1! 

. 4.V A 1 x i1 11 d >1 ,^.ll a.^ jJ| ^^jSU 4ojlaJI t I^VI 

<>° L>L>“-' 

(Clusters of Galaxies) 3uj^Jll a*SUa II 12:8 

j^CJj CjL fcj a ^ x ^1 ^ a Vw Cilj-^JU ^ l r> » * <jl ^j-l-C- f-Lft-j-aU ^-41jpX.jjj-ftJI m il JjJ 

j -o J tQ I tf- a 11 4 j j *w L I J t q( \l II 5 jjb J_L4U <4* )~t 11 fl li l lL 

i>* jj-c. ^ SjLc. aj «!*>• I I 61a <(Super Clusters) ^ J^»ll Lj^Jl >u illull 

(^Aji lII l ^ iAa > £-0 olj^Jll U .>_J>V1 4 a Ai ^J1 <juj J v Li^j Iaj CjI j r^ ll 

JJHj ■ *1 ^ * * t.l I 4 1*T^1I *V 1 ^JLfl J$ l AA11 <1—0 LcjJ 4^ j. Jjj— AJLO ^ (] 0 <4_ujLaJI 

JjjSJI CjUI Jj Jj-^- iS-J'^ 4j_oJbl CjI J qLojJjlaj lijjjj 4 jj-^JJ J-J-flll*-ll bib 4 jlaJo 4-»_j-»I j jJk 

<*j 11 Jul flLuuJI 6 1 a Jjlj <4 j JU tfill 



( 3 * ^i jll il l L_flju_*ll 

(Local Gtoup, JSLxiJI ^ Lo-S (^LJ. 1 ) 

<jl i ill cjjJ Luj-^w ja j ju» *> ila "v (12-14) 
J^ulIi ^_Lc j^HaJI lib JU ajj <4j>I <1 f,1 
< L^j-i; eL^jjli ^1 ^ $ (800) 6^1o^ 

I_ AJj-JU 6j ft 30 LJ-^ 


4-Cjj-o 4 -L-o^_ fl 4 j > 


^juAjll ^*^n £*A^» (12-14) JSa^JI • Luljj-ue 

SjSJI < iAS\\ Jjjs bJj^JLl Cjy*JL tfljj * A ^1I CiljJh-ft Caj l)-oj 

, JLlUI 4 fthTift jj-C olj-A-0 (^Aj ^Jj£jl li^La-Lo (}Ho Lr L^3) 4 -ajj1=JI 

J^xXlII 4—uj^) 1 -k H I Jj-ojjjjl 5j^ a LlAjIj LLljJI 6j^JL IjLoJil j la >1 1 1&J ajJU ^jJIj 

jjL^-o * j^lk. l-ij-SIj <<.li ajjL j)L£ (700) lie jj—uj (M31) j^-ojJLj k-ij-*-» 

jjL^-o ^j_ie ^ ^ \ 11 ^1 ^LolaJI j-zwj j-4j . d< ..jL jL ^ 1100) ji 1 ^_le llj j^ W* 1 

^J^La-Lo ^ j-^-e all I ,jl pLoJjlII jlj .<*1 aajjL (1 100) jjLi ^^Ae £Jlj lljjllaj 

LflLkAVL i <4 jLklll i-j^J 6^a^ft ^-o LjliiL 41 \ flM1 1 a II ^j-o 4 KU 4 juxu ^-le ^j ^ 1 
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t_ul i^ll ^yd jJjJJ i^jAsull i^JU 4 i II \K ft L$jl£j jJ-U W. <jl ^Jl 

^jl L£ <^^k\ll (jo Lo In I nj jkij (_£dll ^1^4 All 1 u^'t aVI LJJUU4J ^ 31 fcA^JLl ^ A'vlll 4 »_I >U 

^^-9 diJ £aj <4jjjj lVk^ a> dll jJ j .(fcLUl cJjj) a jS^o «. ftln> jJLj <L» V 

yfl ^ Asy ill j^lalJI ^jL. ^jliiVlj oLojlxll { Jja jj^ILj LjJjjj 1 a Q a Ij \ \ ~k a 111 <xualL J!laj 


Cjlj-^aJLl jIajI jLa^V OJaJu nil jJ^lall SjjLjuj 111 ^ a *i i*i Cilj-^Jll ftj-A <j 1 1 idjIj-^-U 

II XiaLjJL j^CJj Aj^^il djl * A alll jjA ^ l^j] frl all II v LiU^I jlJj l6i AJt jJI 

uA*k> * 9 (jJlj- 3 . lit j-*jj Lr i£. ^.rk a jj.au: ^jj -31 ob ‘ Rich Clusters of Galaxies 
-( 12 - 15 ) (J^* 7 ill L£ Ljjjftj 6 j^q 2500 (Virgo) fIjjjJI aL^lL dL-ujL 

^ic y-A jjIk 3000 ^Jl^Sk t-frj n^n~i> (George O. Abell) JjjI ^JLaJI j_LIj 
4 j\i II \\ ftllaJI 6 JJb £jja JJjlII J-=kjj <l 1 jd-jjj < 4 _j*oLA oLohjJLl^ lilj-j*. 

.(^iljJI ^jUI *LAa 1I ^ j^oiL^lo jjjj^) aL^jI (^1 ^ ^LouJLj 


^j-o ^alajJI <UjJLaJI Jj-^jj I+La 4jj£ jll f -I j-^Vl 4_^oLAj 4ul*JI 4jjjJJ J-kjli&JI j\ *la~j 

(^^*-11 t£>?^ J>il*JI j^J-a ^ J-a.lj-JJ llL^xlj SO £jillj £j>*^ 6-® 

5JUJI jjSljllI 6 JJb JLa ^ Q-Q <jjaJlI ."tt a \t j^alll j^Iaj Lajj ^1 j <<J^La£. 4 tn iLIaI 

all) (£J-& j!»JJ J-^LlII ^jLfc^alll 4j^jjJ IJ . At > ^ya L^j|^j_fll Olcj (Cjl^)^kll ^ya 

Lf^' iS AK> * W4d>^ cA- o Ij^JLI <-i4J ^lc. t ^lii Lo^lS aJjLljIIj iujUklll 

I ill^Jlj t L^jX I Juju 6 J-^I^JI dj^J.1 aj jo j uili tl jljull Cu uul 

4-uJ j 1 -w H 6j^sJll Jjn. JJ LojjJj «Lmjl aua LLL» ^Jl 6j^Jkl ^-A < -n > Vtll JjjSj ^ «1 xA>1 
4^1 >K t A | L*lj . i > V 0 ^ . So LijjjuLIj 1 a $ n i Ja-ijjjJI £\>lll ^1 jl < j > jK Ia I ^1 

I I (JS (jljja frlllilj i La ^ aAa i jjljj^JLl Loj\c -k 

ol j Aj^Jll JJULt LaIaj #«- I jIoa aJ^kOJj <jUa <LLlL^JI < lV\ II JL»I J 6 jaJ.I ■ Uh-jJ$J <^1* II 

A JA ill 1 a I 6jj^ a JS-iiX <-5jjJaJI 1 \J * fl,|< II j^_-o Lu^fl <atlo (^JijVI <bUI 
. (l^I^JI ^jA» > JjLauJJ ^LoUllI ‘ J^ujlll <j!a£. LqS) J^jll y_fl <5 )LaC 
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jIaj (12-15 ) ji-uJi 

,w la > I Aix Leu ^ j Lc J n 1 -ijj ^-Aj <U\*J I ^ 11 Axfl Ll»J I I ajj-xo ^ la_Aj 

<4 UA xn < ,1 m a 1 , 1 1 OJLaaj r^jlja^J.1 ^jo Lo » LaJ }Loa <A llao J JjJ) >lo <Xi 0 I <Cjl 

^ 4 k-i.il Jl ^uAaa (jLjJI 1 Ju^-i ^_lc <L~> t V -V '1 4 i fl JqJ| JLl-o jI cJj Lo^ 

^jJI JjJJLj I JjJ Lxo (Pop I) ^JjVI < 1 -ftAill QIj-,fl,AjaJI />-o LaJ j-Cj L ^u..ajjjjl 

(.Li-OL-aJi ^jl <U JU.fij-ij Ojt^JoJ ^aJI <J_i-AjJI ill Jjj^a LojjJj « 1 Hltl ^jlj, ^.II Jixlj 

^ I «<i ill jJI J^a^lo j I . LAji_lC^ Lsja^ajfr i nil oljl ^4il t L^*jaa L^j laax Sj^jJ 4aL^a JlxC. 

<ol^-aJkl J/l_» Lo »i9 ^Jl O^LflVI < ^-ijQ <J ■"«^ .. ~ 1 l j,Al * ^_o Jlil^aJLI ^jL^J ^J*^Lzx 

In^ J^^Li-u - ‘' J ^ ^ LA-* (_£jLiJI lr> < n^JI jL .\ Q~i 1 t »■ Loll II k Jj Lcloj 

* 

cLlj Ijj-I_a_flj < Luj ~\ o ^_S ajlx. ■ “J JAJ l Q t Uil C.j_^j! ^ Al xQ-J-QI 

<JL^JI a j_A Jlo ^5 1 ■ ^al^I Jj< JjllLIj ^LJl jLiJI 


LLL-u Liftiiui U£j I ^ l~iS> 1 I ^ ^ aJ>I j-lsL iatJI 6 j_a ^ u.“> Loi 

jpLfij j a i < ^JjVLfl < Llj-uL-u I <_Tl i 11 o aj-Aj t <■ Uffc^l Lo^-xo ^jL~ka.j^)Ja JLa 

LlA lLaJIj < j j aIi 11 f-Li-o-c-V ( ■ ^ i 111 <i^LiJl ^ya j^_a1iJI ^_a jl^_ajl a j a> a 

Cj y 11 dlXftJ 1 ^ i<4-iLXjJLo L^ * i ^ ^^aJ! jufl-i ^jkO ^aJI Cj I^aII ^ 

<jt^l^JI < IjSLII ^i-L^ <Aj^JoJI 6.A-A ^jl ^Jl <jL-oVL» ^Lulj^j-JI^ 4Jj^JI ^ 1 AiLl aVI 

4—i^-uaJJ a J J ^ n <-jjLl£- ioa-fl jLixal L)^ v ^ jxaJI j-Jlaall ^LiJIj < »j <JL^Jl ^-S 

^ ^ A—LaJi • 11 aAII 4la^ _v»JiJ <jaLUI < a t ^ ioJI ^ ^ *11 jj^loaJl < LlLo_C p LxJI ^_1xj ( ) 
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tltLfc^uJI |jul x Ai 4 4 iaoI il aVI qIjA a II 4 aJL AU i nt I ^Xj.< oil Cu uu 4- jj^ loj 

l ^\jLjjl ^_Lc jL*-ojVI Jjj Vh H {ja <_LSh.jliJI plj^VI oIj^-aII 

cJLlAj < II 4Jj& l-Aj_ke ^Je <l^kll 6 JjA jll-AJJ Jjill II 4 Jj£ Cilt^ 1 i>K 

dill £-aj (Ij^w Ijjju (jLS IjI ^ 11 fl'm 11 iejj-uJI i "t*l ni'i ^_Lc 4 j^-C 

Ajjjlju* cJllAj * JjVijJI <JjS JS ^uLij Lfcjae ^^Je 4 JLjjJcJI aj-A jli<a3j i^jSI 4ajA ^Je 
J tjJJ j £-6J (lu=k. I JUJU IjI <£.jjl*JI Cm <Xl*t ^j-le II 

JjSlatII <jl^ IjI 4 -x >rk.«r> j_lC 4jLjj]aJI 6jjb j^n"i jJJj£ <^JjVI 4 AjjJLJI ^ja jjSI Oui ^Je 

<JL^ US j^jll ^AjA "^11 lj jL-2k_jJI SjJL, Irk u^j V <j|j ^ a (_^JU (jl jl MjlA J \ A m \% 


^6JjJe <J^Q JjaLulJ £A*yT\) ^ a1t>> II <jjaII JjaLulII ^C, ^Vl < ~v<uul jJI 6j£a 1I <jl IjjJ^lj) 
olj~kJLl {ja 4 Luu ^_le J .<jSlj-ix CjLuaj <laluui jjLu L^a5\Jj 4 UiAa 1 ^11 


^ja ^_le j ilrw LajjJj >Sj ii aaII JjaLuJI LaJj_j^j 4 iaxu ^j-a j-ult j_iSl 4 jl3ul1jlLaVI 

.6^xa 3000 

^<11 d^.L^I 12;Q~~ 

(2)-* ^/»*k i uiLml (^*kj 4^->Lk j»Jh1 ^j_ic lJj 1. ill i^y* y* a.lJI ,^> £-11 c* JjVI iLlI ^ ^ 

jL^ajVI jjJiljJlj <aj^JI 4_la 1^JI ^Luil LLLj j £JI jxu :L&a 4_i5L1aJI jL-ojVI 
CjIj— aJ.1 ^-aI_)J 6jJbUo 4_U^^L ^ ^jxi ^ 1 929 ^Lc JjlA jkJl Jtll aTi -t 0 la <^Jrk f.VI ^ygi 


* 

(lie LaJJU £a Lj^Jo u^UU CjIjaJLI jljjjl <£. j^uj 


cx£] LaS Recession of Galaxies 


ole^-L-uJI jL^jV LflL^-j « 4_flLkLal 16 JjULjJI CjIj-^JII JulaIIc Ja JjJjlLI 4j>j^ < i>h 4-^xj 


Cjl>aJLl ^kU» a v iula Jp^lo^. ^JoJk ^ * jJjJJ oUxljJ l^liu ^iJl 4^jIa_flJI 

(4$j 1) 4^i ~ii 4^-ul *\j A'vll ol^ljVI I jj^ 4 ^Jo11a J\4U> j ^IJh ^axxJI 

"k II 4^1 jVI jljAo (jl ' L »j (4 aJoIju 4Aj^1oj lie 6 J 3U la ^ olj^JLl (jLfl 

eJJjJ (4-Joua. <5^Le cjIjaJL) jjuj hjUU iejjaJI 4-5^L*JI (ol^aJLl jIjuI j-a ^_m.*jIHj 
gLI 4Uil idlj ^lc »lllj tfo ^Ljj (jjljjjl 4£.^jui jl^VI ^4 IjJU ji£VI 6 j~% 1 I jli 
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1 4 jlu jajJI I jjb jjLfl < jwUuJI J^Lk Ca-» <IjIUI oULJLl ^l^,j < jjuuj 

jj jli ^uu ill! jjj . I ^JLU 41 i^aLflJI oliL^iil £-jo LjAiiijiJ ij 
(J^Sj qIj -^kll dLt JJLj jjLi 6 JUUII oij^Jll ^-flLjJoV J n ^ VI CjUxI^VI lM ^ 1 aKj 

^Jc. ^.uaL) iti> Jjjb t jp LS t_u5vjj ^jj £j <jjljjjVI 1 ^ "i tj^ui jjLi ill 1 


v=Hd 


jjlj (d) <<l_ljLj /^ 1 a j!i<1L SjaaJI (ojIjjjVI) 4jjU all u.jjJ l (V) JLua. 

g J / 

J£ JjftjJU J_k_A *m !j Aaji ^jl < ilulj (H) j <|dLuijL l^Loj <JVjj 6j-zkJl! 

53M*JI fjLi jJ*JI £-* « (d) J (V) J£ ^ulail ^uLill 'jJ^ll 

i^ijj Ljjj^o jjl Lo-o i ^ ^ JI ^Jl i|lo jkij ^jJI 6 jja_l! ^jC. j-lajJI ^jAk > ^ <n 4 AjLuJI 
V ( j^jVI ^jpA Laj^o^j ^jJI cjIj^II l jA*j jjLi dLlj j .<jj£JI j£j-a ^_a <jLlll 

dook. 6 ^oiuuo <Jjji colij Iajju L>^JLI < LajIjJIjI <cj^u ^jV dLljj <J_uk <5^L*J ^ lAjJ 
j ' u L IjJtj <<jjLaJI 4 _ljI^«u * II CilS^JI l (| ilft ■ jlLxj ^ l i AjJll ^ ft ~ 11 vj a\r <jV clLljj 

. 6 Jj^o L^jlo Lj^^j ijj q 11 CjIj^LI 6 j-A j^^Ja 


6jUI •~.Li l < \ Lo <la^J ^A <jl ^jaj JjJI Lfl q .T.VCI ^jJ| ifl^LxJI 

(jl ^lal^JU illJjJj jvjhf. jl fl tl wiJ^h LajjJ < I *La> SjojS 4-illS CjI Jj S 

j^Jeu uix-k ^j^JI JOaj JjJLA jjAiU-5 <jA jL^AjVI <jjL^. ^Jfi. ^JuajJI ^ jAL» 

"k ij <^JxA J^Lu 1 i)1Lb <*ii jaf. :<Ail mil l ]_j_A <_A^Lc 

/j a i.-vV <j J cLflJj <JL j^lJU ifiUJLI JiLaj (j* jJl ^gjl iJll JaJkJI Jjut (H) 4 a ifl 

Lo <J <JLJI ol^ ijSJI ^(12-16) J£jk!uJI La^ CjIjaJLI Jjl^LIc. <Lj-uJjXo <X, 

4*m <i ^jy ^li 18 ^ aj ^11 aJI ^j ^JI y A c .<lL-ujL 1 ^ ^ .<-ljIj/^ (100-50) ^/a 

L^Jll jLa-iVl Jj J 4 ~ , ,.l 4_ulSLal yAj « ( j $£JI JJ ajJ ^ ja j^ad ^ui o vllljJbj . Lkjj_fij 


oll.Au) L|J V ^jJI 
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*1 o&uu JxA Jiaj (12-16) J&JJI 

Jjj AAJJ fr LoL JI jA.1 A <Ufti5v OLa. Ijj j^JLaJI JjU LSIjjJ £-aj 

'iJIaA <jL i^la£,Vl jLrk ftjVI AjjJaj LlUj }LLa_fl t ,\\ ila. 6 JjLi^j ■- Oj^UJl ^_fl 

jjl ^x^JI ^j_Lc * * a a ^-fl s^iiulo oJlj) La primordicil a_ijI jj < iL^I Ol.,JjI 

6J_JuJ JjLLLI ji.1 J^LJI A-=djl ^Lc JaJU III ^jj^SUI J J A ill ^jC. ^jJI JjjjjJl 4__ilaX 

lj-o ^ 1965 jklx ^jjjlkJI jJLlj .v. AuloJI ^j lalll pj-jaJI J ' I jLk M » ^alajJI ^Ll-lIiVI 

Oj£1 LoSj . JjL ^juaJ AjjI 4a it.Vl y.jLila 4jLkL» A i*tu Lu^JI AjJlLJI >U^j 

( jauI aj <jLulLo 1 it, VI I jjfe lJ. aJI AjjjjIjJI 4_l^jJJ Jl^loVl J i C. 4 t^lall jLt^jVl 


^jJI) ^Ll-lLVI ^y> uJ_)i A flj fl-k AjIj <Aojj£JI CjLaU^JjVI g^a^ ^-fl 6J*till ^jL« »unj 

[\ La^j . (12-17) ^_a L*£ (2.7k) SjIja. a^jj jJx (cJj^L ^^15 ^ jL 


^\ i <til jut i fl j\f O-fJ «A_ujiJI 4 t al^w II ^LjljJuV 4 UialLi A_Cj_j-u 

^Jl aJ 4 Q oljt i 4-.>VI £-a ujj^uillll Jj-4j fjl A_ajj£J 1 A J> Al"k II 



^UJtj Jlu (12-17) J&uJI 
a n ai»t^n 


La AajjSJI 4_ji_LJl A * *a| 4 <Aiai> 6jlj^ A_^.j J 

AjjLjJI SjIj_oJI A_^jJ JjX CjLj^ i n till 6jL-a t,i k * u> i^aj 

yfl kiAiii fjjkj <p!jaaII uAJ 4ilala Lfr^lcl a *1,1 jiil uti u 
a 1 * 1 1 ^a jj a all u a * d jjlj ■ AilaJl A ^> j 1 -all I 4 aU\ll 

.Ajjj^JI A-kiliJI ^LluiI ^-a J^l Jjj ^ jJI ^OjVl 
^Uaj ^jLk { j^a 4 a t a k II ^Luiljll uDJ AJ»Ls ^JLjJL^ 

J^ViJ J , k ^ J-^ J-* ‘JLlAj ^ojJ\ Lj-a. 

1 i n nit JljLs ^ jJI jJLUl ( jJI > I j' ■ *« (jl >1 al» II 
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V jl 4 _jjj!£JI 4 jfllA II 4.1 <nV Jjfc j£J jk1 A n jjA JjA Jjjill J>^ 

4i it.Yl JLa-o ^ ft <jnJ»LklJI ^J£. L *i jl ^jYl ciLIj J t ^ lj Lojj S4_ohjIA- a 

^1 <»La ill jjj ll£ja. 4 i~‘t <j^Uq 4 i.Ajf ^Lklll ^JC. jjSj jl 4^LJ1 j <4juj£JI 4 jilLlt 
j-kkVl i£_p, jl <( ^i kAjll ^ a ^"ill 6j_sJkl 4^j_a. <6 ja-LI j^j-o J>^- L*-^j-^» JMA. j-o 
4 j fll A II 4.1 i til ^Jl 4 j i t u'\ i-naljU ^JoJLj ji ol£j-aJI 6J-A ^ UrVI jj_LUJI 

<JJj j^wl j jhi < i j^j VI ^=kj 1 ^ rwlypl ^Jl L^LzkjL jjfcl i t itl a . 4_jlj^JI 

j_Zkj Lg-^Ljjl ^Jl 1 ifc IJ >1 i JJbt itJ.1 Lol < j2kl dLail ^_fl 4alc. ^-A La-o *LkjVI 

. ^£jjll oLfeLkjl 4jL Loa JjjI <J jfl IrVifl j-o~kV I 


jLkijYI jxoLhi jkJ£. ^ja Lojj-fl 4l_JuVI 6 j-A 6 lui ^jljJI (jujLaill ^kJC Lol 
4jjLo LflllXj 6 jlj_ 3 k Jill j tLAiJI jLLJtl ^jAa I (Jjljxj La -0 <4_flh_-k.il CjLaL^jVL ^ lr>C.V I 

(jjl\ < jJJ- 0 jJ^J I IjaII £_-0 ^jAjlLklj Ijjfcj <(_£jA.l oUL^il ^flj (jjj^kl ^jlallo <JL. ^jA Jj& I 
IjI 4j 1 LaS oljaJJ £\Ay j^Ji^ljJl 4-fllil 6 j » x^kJI ^^-lt J^4J Ji j £JI jl j-ekij 
y-fl U lAj_i.il */i %SL1I J^Lii ^-fl (juiLajJI jkJ-C jli ( J-JU dlj Caij jkJj) tj j £ll j- 2 k jJLlA jlfk 
^.Ij^al Jk-i; 4 a fl a 4 X la cjULkLl^l 4-ijfaQUI oljlkJI £x*Z J-5Jj . a L_2kjVI tlLlj 

jUkjl pLoLaJI JL,U . r 1960 r U jL.ilIjill I () > * ^ <1 jLa 4-iUa jjL-CkA ^_lc l£J)~ •*■* 

L^Ajla ^jJI olJj.^11 Ah ij^j <AJjjljJI olj.^ all J n ^Vl ^LjjjVI jXiiiAll Jjljj 

** j e- 

^ja I a u£. I ^ ~ flila oL>s^iJI 4_k_fl j-Lij ^jJI -■ »_* 111 P>i Aj| p LalxJI 

jl Jjp ( jJj jSJVl 4hS jjl J-Aj I jI-UaI jn«1 (^jJk.1 djlSLfl jJLlAj .(^AjVI _U-<aljJI 

*4 

l \nf\C I Uiiijj . X II 6 jJ . fc *A.i\ll jjjj^ll 4obj^o J^la Jlkil^ ULj i ^jJI £-a 

Ji 16 j >1 in Jjj^j^JVI 4 h< <_Lfl CiAj jjL-cJI jXiVI Jjlfl <Jjj(j-J^JVl 4h< 

OL>SJ <oLa.lj.liVI 60A Jj-J-O jj-L J-aIJ JjJj LJLa J^kjj Vj <lja-A ^ ^^>11 4ljla 

. I J-a. 4ijlalfi oljj «.* fl* ^Jl 111 t 7k 1 JjjjIVi t pLoliJI Jjli ' * ^ all - »■ ^ jjJ CjIjL-uIjSJI 

.<LL 4j yy A jli-tl ( ^-L 4 jlaIjJI ^Ij^VI ^jAjljJ l tinj ^JA 1 a-uj 


Peculiar Galaxies !L^jJI oI j^X I 12:10 


j) Lo£ kijJLo J<: i?i ol j uul »LoyJI olja 11 j-o 4 Ho 4 t - ■ « ji Jaaj] 

J VLk jjo Lfl-ji 4 A jit oljl-Tk ijl jj-^JoJ <(< j >11) Aj^AllI olj >1L Cx if J LjLc jj C 
^*"n Lbjl Sbjjl jlc. L^il VI < Luj_o Ipj_uo 6 jLc. ‘~»lj_aJLI 6 j-A ^ituj <4 jjjjIjJI oLij^iuhll 
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Jt /jl . 4 Vi. Li 111! <-*—ijjVIJ c-1 j a ^ 11 At <JLj_LVI (Jl ^ n <_SUaJI Aj n*S 01 1 a\ 

yjy*A ^ i > ^_~i 11 LjjJI 4 > La l> V I -.M fl 6~ 11 /jjz l^liJ jyC a \ V LU I ^yo iLLfll 4 \ 11 

^r*-" ^q ol^-a ^ 4 ^ > ^_Lc J[^ -% II j-Llj .<_»jLxJI olj-^JLI 

. ( 12-1 8) ^ Ld < (^j^JLjJI l fl ■ ^aA * ^yX> ;>lj-w r, , i I^jlS I ) pl^'S 11 AJ La I ^In 4^nl <Uui 


JI—a."l 2 k I ^Jja jJL^I ^Jb <-Jji ^ ft Jli I_a 1 lln i^il Jl_a % I I g-1 rtl 1 II iTi I ij 

In i ^j! i.ii i ii i <6jjL> ^yu, Jl 1 wnJ jl i Jl Aj La I lU t^n I Lad 4^^ til Q La I -lln * <n I 

^ I fr \ n 1» 11 JjA I ui) y]j . yj~y *11 dl> yj} y J^-a j * “d . j-d * f J 7^ v 11 CA-* ^ 1 J * r > l-i-11 Cj Lfl I i ill I 
In a q olj-^-ll !^Aj <Ll^LaJ 1 vZjLfll I 4111 u■ < 11111 jLo 111 


clkJI f- 1 A If. ft > . (< ll nl, 4x11 6 1^1 I ) *jy A< ^ L_1 Lc 6^2h-Q 4jl CjI^)-* ^-i Lf. 

olj^J-l J AC s ft* in ^Jb Lfl_ajja-> J AC Jj I < In ^k.^Loj 4 La jjtC 4-ajl 4 /-> ~t 11 £j lj^ 11 <_3jJCa 

^a£. JjI^-aj ^ A () 7^ 1 ‘ L^..\a ,J£l ^jaj J i dll ^IjiJJ 4 .ajl t <j|Lfl Lo^^j 4 ^jjLjlJI 

<jjLxJI -1' ^ I. iL i^S I jixi Lq-jI^ 4j^.l yy. i.t y y j Jj I JjjJ jna ill Lo^ mi j 


<Uuij_^JIj I _ ^^ I yjSu^ 4<LLa A_fiLLa 4uti Ltl cUj ^fll^jj J/ ^ ^ all <_ul^-jJI^ 

l. A - A j Lc ^ Uj n. 11 .Vft fll I a ^ ~j Q o j 1-4 I jl j 4 L^-M-a <L_u LU I I ■ »n. ^ J_ya yjuu. fl 

JJ «6^ u5> ol -h A^J <jc I _ i .4 II 6JJb Lg-AjL_lCj 


<LC 


■ J- 1 -*' 


J .<LU <-j j-»jl J <—aLIo 2hJ.I ^ya 4 ^O / 1000) (J-^lj—illj ^ 1 jJouL^aVI 

L^-aj-^» j 4ii*t\l I jl ti llj jLiJI jJ-a I iAJU ^1 ~'' j ^^ jl 4^n"k II ijla-C jl^ii 
Luj^-a i^ajlrii^nl jJj .olj^ll d 1 ~> ^jj-a ^j-^.\ll ^1 ^4^jJ ( ^JI Ll^jjJj 

^Jdl J_jj 4^_^jVI ^_Lc L^Ll^J v-^1 Aj J_Zk^_» Laj^lfl 4^j_^.l 6j-A—a £-a 4 jI jdJI 

. l jijjy-i ^jxka^l^j I j j J - ^L> 11 j^i t || 1 <nl i j_lC J^Ljj^JLI 



( 0 l>a-U ^jUai) aj^jJI Ol^ll JIaj (12-18) jSyJJI 
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LfrJLflUo > ft lU 11 4 ftln ilI I 4 I Ua Jj_a lj_u^ "** 1 * ^ I j a ^_Aj 

i f. 

afl i^jjljJI 1 a vItlT. l^-Cjll t li J l g a % ^ tjjJjJj) 

j, i^. 11 ^_fl L^JLflUo ^j-a 1J ^ <Lh Z' ^ 1 ^ .^.'31 w L$_tV 4 j^_»jI^) Aj's 0 £.UJ1 ,_jji J bji y. n j n * t V 

O 11 ajjfc j^la a aj . ^_tjl I _aJI 1 ^ " flUa ^ lAa a l—ant < > fr- tl-aJ I ^^-tjlj^i 

j t"i 1 m) « (13- 19) * “1 ' I La^ ( Cygnus - A) i < vll a a. J^iJI <>-> ^1^1 a I 

ji JAjj < ^4j LlJ f , J A^.r?k a a l t j Uo^jlai 11 J > n -ll ' d J uJ I wLi^ J^a ^ 1-1 14J I ^ 11 

■^8 

olj—a j-tZxJL t < ^£jjjljJI j t ^ jl Jolj 10 l_fr ...~v> 4_^L^jJI frj. ~\.,a ^^la-t-u 

^j-a £j_a t la ^jA jJi^ IJ <4 k-Tyjil Jl^laVl > ftTt ^ a ,^_lt ijL_i^JI ^jjJ a j ^ 1 JS-11 

(3C405) J^-a^jJL) tA*S 4 _ajLs L$J ^-aj_i_9 . j£^ajljJI 3 ^-^1 AjLiiJI ujJ 3j ^ a ^jJq-i-«j 

‘La-tliJ! cLL (405 ) l^.i 1 i^j ^_tL» r 1 ^ 




«LI^jjljJl 1 ^aLajJt ijAA JjLa-t (12-19) J£j-uJI 

^ (j Q 6 j_lm <Lt_i Llj <3 1 K! t A l^J 1 * . ~ *V \ jjjl jJl Zj 1 ^ a ^JaJI ^ JI jJ 1 

Jj* «ia^l • ~ a ^_fl I 4 Jj^. ^1 k t Cj-JJ J-t-sa-aj * (<_UjX.) <L_Uj_a a s_ LTlIj 

6jI^j-^J 1 SjjJ iti <JjjLlJI <_JLc A j-uJI dJJbj i(I-'ObcS) >rt 9 * li ^_k <_uuJ_uj 1 ,* jj 

< 1 ^ UiAi I 6^aJL I Qau Jj ^Jt^J J l^J I It i * 1 1 i*y | L 1 la Q 11 j L V ^ 1^ 1 < 4^ J^j I Q j^ hy^ j 

.(12-20) .Jiill la£ 


< < Lljj-L 1 ?W-Il 6 i»j^. jLfl ^LjLa JjLj 6 jJfcUJl 6 JJ^ al ait j * *a A>j 
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<(]/, iiXta JjCJI <-jJLc 1 , 1 ^ t n Aj A^Li L^3 jLa IjJj£ Ciiii U^ > 

<iLlll J 6 j^a (J/-J <L-oU 1I oi ml Li 4<Jjjjl^)JI JjLcl Jk aL^LI <1cLJI < ftlnt 11 ^ Li-tul JwLAjj 
< VlUlj * > JL)~JD^ t ' “ ^ ?.i *ttVl A v iii’it ?■«.< nVI 6 jjft <JUjJp LaI . (M3 1) 6j-^jbj 

<6j_z^1L LuaII ^*ii ilollaJLI JLJLI ciljl < «i a <-JL*JI UlLJI cil j oLjj^^JVI 

LflJj t A >Ua" i^ 41 itiVl A i l+Cjt h it’ll (aiD Aj i ^ <5llo iljLjj^lfC-lVl 6JJb Jit* * i 
^UaljL JJ£_a If-lflUoj I^jXuu jl jjp ^illj 4<_>jjjljJI <Ljja^il JljLVl fjM £_juJj 

= ^ ajuLa| iliA Ai olj-^aJLl 6 jjl ^j_A £7 I^__aV1 A flUa ^JU l j ft 1 (^1 4ajLaI Ai-a.J 

A, x 4.**^U jjl iU~i a j \ ~i a"> 4-jjjjljJI Cilj-aJLI ^j-o \ llj (jj^A / ^ / Jolj 10 
.Active Galaxies < jJl * &JI ol^^JLI ^ *^>L> LjLl^. 1 <pl^4 % mi tALl^ LaLaJj 

^kSLlfkJI A vK \ ^ II ol J <J_jJj1jJI A^j -yl\ jjL-all Lg_A :a *y a ^Jl Lfl ft il^aj ^jJlj 

ol j-^,1 1 aj |o^Llu< olj.^ a JLa) <JL»_flJl <jjjJL! <jy»VL» ^cjj 

L^JajlaA jLfl I J^Jj 46j-k kfv <jjl Jjjl olcj^ktu lit. JuLLuj 4 <jLlaJI i_ijJ Aj.^ a ^C. I Ja. 6Jj JLJ 

. J-AA.VI r* I^aj <ai^laJI 


^iLjkJI 1^11 ^11 J^JJI c L>iVI <sL Red Shift j-^VI ^ c L>i?l u> 

.^LJI ^k^Zkdl ^a Jail II J^LJI ^ It- La^mJdO dlj^lil 

2 _ A X _ f X - Xo ) 


X o 


X o 




<JllJI <JjLaJLl * tal■ mj (V) 6_Lls_J 1 ol^aJLl 4x.^j~u jLa^Vj 

V _ C[(Z+ 1)2-1] 
l(Z+l)‘ + l] 

olj-^JLl JJLj jL^jVj j a "kVl jIja a (Z) JIa^j f-G ‘ L * 

(V=Hd). <i_»L_JI <s^LaJL ^Uallj jJaA ,j^jL 5 SjjJLiJI 
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j l X OJaLwi i 


ol J LfiSJj <4->jLc ol J ^ n <A a A ^jAc j^-Iojj 


JdjJaik Aj^j LfiLJal JjkJJ j-lAJuj < JlU ^ U>^ t£ J Lc 

4^jLA JLuu <JU CjIx.^ 4 n > <GJ*.L-uJ <jjll> 4-jjlx Ll"k HI ^ya 4 m^LijI 


Lflo 10% #fr) 


4j\j, <A\ ix^^Ll ^3 j M 


. ^3 OlLLuu jjLui^o C*lJ all 6jJh ^JaJ-aj 
o Lfcloa.1 JjVI <<Jjjjlj jjl <.na 


^-a^I <_ajL-<aJll 4_uLi!kJI olj-zJLI ij r\-J LlJ^_2k.j Jl alal ^jl <j *JaJI CjLujI^jJI Jjjij 

Jli^l <i l^lt 25% fjl La£j <<JjjLlil ol^aJLI La JLal^l ^j-o l_a 1 ■«Al 

J» aj Lajo fSjjLaJLl olj-aJLI ££JJ 1 4JUJ jj-^JIj jil Jjf La- 0 4-aj^C 

2% (jl CjL^jI m ^Vl Jjjj 1 Lj-fl 1 j r t » ,1.1 LULJaJ £uj Qj ft j id -‘'j 

lAjjjl a <i t *->l al v^flLilal L^J ‘"'J 4 J 1 “ Cilj ^ a t a ^Jc <jjjj-L^JI plj II 

(oj ft j i *t CjIj.^ a) j y laJI I jjaZ £ \ a ^ <j1 ^jSJI *L^3 A alf. ,\W »jj 

Sljj <j1 ^-i-oljj «olj-aJLI jjieu J^Lk 4 L..,.j " ^ <ia^j-a L-^-il ^1 < L^l t a. 6jjJ 

.(12-21) . * till ^_fl La£ <^1jJI I jjb ia-i-o ^lc <JJJj oUIjlS (j-° Lfii ujJaj Laj <_uj3JI Luj^a 


317 





.m Cii(12-21) 


(BL. Lacobjects) (dV Ja) JjjJI fl j^l 12:13 

(Laccrta) <jl_sI^ < I <jlLL-uj Sj olj 4 -l:^iLLaI cjI^> «° ^_aj 

jl j jXuXo ol j < A Jl_ULj olj ^ XI VI ^Jb La djjb JjL /) » e_l JuSI f 1968 f U 

^j-^.LI jj^ Vn,ll (M 87 ) a_ 9 jj_a 1 I Sj-aJJ JiL-o 

oVL^J .1 a M 11 L> <l E Jt II <L-uj_c aI^j-j L 4 J 3 (Virgo Cluster) 

^a 4 \ itilj ajLLI ^a CiLliu j j—yj ^ l*J . ~lL.& > iII ^ ill jj^aJI ^ /u < >> II j 

jJL)j * ,A\ < a xiiVI 4 _ij j_LLI jI^LI Ajjfc Jjjujjj .dLnjL 1500 ol ml j_ 1 ajj SljUl 

6jJb ‘Lc^_j_u <6j i i *S CjIj-^JLI A jjft *> *> 11 LflLL^ Jl pLaJxJI 

* * 

^ ^k\ll Ajjfc lalj .La Lc^j t^ j a ^Vl ^ -w’> L^jL^ljl <j1 «I j^. <l_JLc 

9 , 

<j a^Lj a uS i <dl£ (5 x 10 ) ^Ij^j jaijj ( I j-a. Aj u*s ^ Sl^jJI jjLi LjjLJL 

jli j ^j^h. 1 nil SjUI I ^ ^ L a,, r> - l, i-L-v (pljjj-u < aft* J^jhiu ^J\ a j cUjJj 

( 12 - 22 ) ^Ull Ji^JI ^ L£ i^jl ^11 Ij^Ai i.jiUI ttlkll 
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4000 5000 6000 

Wavelength (A) 


aj*ul(jy Jj) Jj^l ft^a.1 (12-22) J£JJI 


(Quasars) 12:14 


L^Quasi Stellar Objects oU-uoll$J ^1 ^1 ^Vl jl oljljljUI 

* 

4jjLiX- <Jl-A JftJLSfcJ* 1 JLA. <aJoLmj P Lijjj j^.la.1 45^ La jJI Cj 1~J 1 

at * 

fJaLuJI 'fc AjJI Jjjju Jjuk^w <Cu 4 jjLu 4 i_K lA j.fllrv) L^Ia JjJjlJIj I LjlAjI 4*JoLcu 

^-Lx Lfl-flLkLl Jjjj v julaJI jjLux^o La,A 4-jajLa. j^JI cijJ HI ^ 1 1 rv.,q,llj 

I 4 JU ^JjjJ ^_udJ <ajlj I jl iJjj-a l$J Jiuu SjajS 4a.jJj j cjLskljl 

{jA J\ 7\ > ^JL^I toSAj PJ- 4 - 0 JI 4-C.jj-u jj-fi 92% ^JJ 16% ^A-> £jljlu 4 jjL*jjI ^Jx. Jjj 

j\j \jSJU < j \i" 4x.^i*t \ r I^Vl 6JJb j^jbuZj .jjVl 4fljjjJkl 6jJA ill 4 

,j\j\j tf ill JjI .^LaJI J^La. Sja 16 4-Lj^j < (3C279) 

^yA La£ 4Jbu» 4 jj 'xa 4j_jj1 j, il tjiljJj < I _v ^ j jJk. i«o ^jia-i-uJI j>W\>o 1 ^Jx. Jj-> 

c.ljljljUl ,> 10% ji Jj3j ,(12-23) Jl^JI 

C*l^-A. ^ ^^Jo-i-u ^ya j u^j j-JL^I <L_u^ll ^1 CjLa^_a ^Jx- 1 fl r ^^~- ■ u ^jl La_£ <4j_j_»jlj 

i ft II !l Lo I < JJU Lfl \\ p LaJjJ I V 4 Alhc 4_flUa ■ * lieu * LlAj “—J c 1 

4-aJUJI <L^_> J IjJI 6jI— fcliVI CuL^ I jLi ‘ 4 ~^2J> * J 1 *4 4XJ-U ^yO Ayjj ft t A Q 

(6jA Qjjd x ^‘ ^j-L-oVl 4XjJo^u ( jJI LaJJLj JjJU v at ■ ^ (5) l )aI » ft 1 jjjjj jl jl^^JI 

Ul>^ oI jLi2j^L1 <JixLi 11 4-SJajll 3k ^jLi *iVk AitVI l Vi^a j 9 

Ja^ioLA ( jAl-i ^Jl 4-flL^aVL >, Q *L» ^-o Lux^Lx iltlxj^AA J-f-S 4i_ila Lalj r L ^Lj^s 

4a^oLmaLbI 4 v_fl i-U UjL t^A^VI ^Ljj| ol J J 4 .^1 II <j^J| ^1 1 

J 9(^1 jll) ^l X uVI Jaj^ln A ^-a 4jjLa1L 6 ^-kJLuO j a JAJ 4_a1^)I CjI Jj i4juaj_^£. S .\ ft* a 






lil 

<jV < J^ ^ 


.VI 


^ c^V* J 


4jj ^ LI Cj V l frJI j)-o 4 _^jL jj lj Lcljj 

;Lfl ^jdSjVI u I < 11 ^^Li-CkloVI 


Jj-fl 0jU (j^aL^ajLVI j)l^ I jl LI < JSl * * <» JJfct < ntlj ^1 l < TiVI jXuxo <jy 4 n * *i\ 11 <£-jj-uJI 

^LjiVI jl jio j,L ^IajllVI jj-uotA Cajj Lajjj Lu» 4-ujJLll olj^JJ cLt oVL 

,jL£ ^Jj I< 1 tU lo£. 4-iJj-Lll ol^-ylI fcjjb jLxjuI 4-C.j^-o jV < l iAil Jjl t *u £J^jLLI )A ^kVI 




L\iVI 


LijL* cslA^ ^LjiVI j- lC. ^a.1 >. v t < i) j)£. ^jIj iilajuVI Jo^lxaJ 

Jl jio] SiC. ^ Aikll l i^>*Lo VI Jca^U^ l^ lA jj S LcLpjl <^.lj) n n 

cA£>JI *-1 Luu fl 4 lAjj-C. 4 > fl.tlrJI Ja^Ja^JI '—I l t il LI . <LaJJI 6JJ& jla 4ijL^i jsJ 

(ij^l^JI LiUJI ( ^_3 ol^La^lII wiVi iAi L^iLj^j ^jLSj ^jJIj Jl jjLoJ 4 »jLJjJI 

j,L£ I jLfl . ^ a ^ VI ^LyVI u i i. *>jj ^ Q Lo U-i~k i oljljlj^JI 4 x l i iln jvfr.flj <JjL. a 4jI jl 
* 

. lie I 6 . \ t* ill olj^JLl j-o Jji^i JJ_>1 j CjIjI jl^^JI jL ( j_j£JI JJaj) i_i JUuuJI 

ja£. j*o 0-»L L£ LIjj Lil < jLj^la Loj (jj JUi aiI ji j^Li ^ L<0 J-^sl^l 

4-xjL jjjJ 1 f Lal aJI jL j_l£. ^LyVI ^i.t.i.i.< (j^ LI Li ^^pi-csLlI ^^>^11^ f j^Jl 

. Jju 41 aV\ o ^_l£. jjjju 



JIaj (12-23) Ji^LJi 
* 

L£ r j a ^ jJI ^Ljj^U i_n,i nil J i A ai < LJL^. Sj^^^jII <iaLi II <JjVI ^ ^ 

' < ‘ » ( 4 j _)-flaj (Jj,_>JI) JV Jj Oj -t_ 1 -m olj— > -» Ji*—0 (^J-d-VI ^lj_a.VI jl 

VI ^ LjjVI jl J \a (jM^i L4J ><J^ A 1 j- fl 1 Vc. 1 ^ i A » i J_2Wj J_aLfl < Jj IJ I jl jilL 

JJUAJ L^_il L^j <^4_u_^) 4 1 j^ jLsul ^Ijljl^^l o* Loj# .Cjljljl^iU 

jL-oIll 4 j^2JI CjI^^J kl Liljjj j)^o j ij^* ^>^1 CjIjI jlJ-<JI 4_ulj^i jLfl 4 _l1ajl-lJ1 4 1 *tiVU jjLoa 
J ojJa^. ^_Lc (^y ~i aj i ^ \K lj , li^_$ j Lo_^ AJJlXx 1 ^ al * I Q ■ 1000 ^Jl 1 00 ^Jl j ^ > 

. |j/k y aaa^VI^ iiJI^ ^ v ^l LJlej ^jJjl^JI^ (j* A^ II JjljLxJ L^LaLqIj 4jjL*_kil 

<cjljljl^^JI (j-fl 4-flLUI ^jLouja j 1 1■» q **I <(jjSJ1 f-Ljj^ (.Lie ^ ^ ^ ^jJI j^qVI 
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* LjK 6 jLLI frlli * 6 jLL! j_u3 SjLLI ^jl ^ J1 a 1 1 Jj- ^ jj vv q 

oljL^ijl i y* <Lul lm j_^. ^ iAij ^JLfll 41 *iialollA cjLc. 1 a au\ ^LojIj 

^1J «4 K ft Ml j^-oLjJI OLjj_4 iJ l 6 jLjJI jA * <i i \ JX.I * 4i t jJlj < LfljjjjJ-i-aJ! 

4-SUo Ij^. <1xJU (J^J_4-lJ 4 * fli J^zwj jl Cj\ j >11 ^JoA 40 SLi^ ^yja A 4_L*.j_<0 ^_fl 

.pLaLlII V^xs jSSVI jjfc j-i^VI jj jrfVill I jjb LajjJj d^L-oV 

jjJuj ^ 1 ^ Jl Jj-u <Ciljl jljSLU Jjj-OjJll J AA.V1 ^IjjjVI jl J-Lo I jLojX.1 4jLj J^Aj 

LujS ^ 6j>^ j-a jii. LajjJj <^»alll ^ 5 j-aLU cjIjIjIjJSJI Lajjj j-o 

^LijJa J .A..X j Jjl a j V J£LuJI I <1 jLa olla ijj 4n"i 4 jjLxC. 4 l n,i t* 4 _j1 ^jV (^jVl j^uoLaJI 

l f\\ fl jJajJ 4 \ \ % Jd 4 »ij^lo dLlftj V LuV riili-ti tv Vif- i 4 nMj <Jj-ojJI £_-o j \ >T» vilJjJj 

6JjA 4_jj|j L ^j ^lc Ijl aIcI UfcjJ-L. ^Ill <Jl 4 nt Lfl Ij^Jj .jljl^^JI Ij^J 4^j|jjjJ1 OjjJu I jl 

.4A.lAJ ^k£. uTiil) 4 jjLl*JI 4aa itJI 
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jiIa (Piui j^sji aiiuui 

Cilj ^ a ^Jl CjIj ^wll «< 1 ill CjIj ^wll *(£j ^wJl I i\y Ala 11 <6j-=h-U :^L La t-jjX — 1 

9^)1^I^^Jl Ililt 

■ a ii'■ * 4 “~^ 11 gj >ii jj-A L “ 2 

Jjlifl durxt UJ*S < ofe mU I ol^frj ( 4 J 7 J ^ A [) Oj' < A \\ 6j ^ l <^flljjLjj^ 6 j | -l*t* OJ^.1 ~3 

\^lj .la 6^-aJll 6J-A j-Aj La (2.5) j i a^> ftll Lfcjj ^ aj ^cjj (3.0) Jj^laJI LAj 


SL^_jIjJ1j Iflplj^J CjI j^-ll OjLflj (_£^a La — 4 

Ljj^j Jjl Cj^ a 2 ^Lajljt l l Laj Cj(>=JJ ( t £±^)l (^ =10) 4-k* n,tlL J^ -aaaI I La — 5 


^L» LflIflJjk ■ ■»^ (E5) £jaJI jj^a J-ufc ^liaj i^i iuak CiAjjua JJ 6 j>^ a jjl — 6 

^MjuujIxa 

SAjjLlII <^J1 ^11 Cil^ShJLl <j £.j ^ta — 7 

kSLlflill <1 aaj& 1 Laj JxA Cx»Lu Jj i r> ftII La — 8 
j£j-a Lul t^llj ^JJU jjAJuJI aAaj UC-Ljj I jll — 9 

Scjl^aJLl J^a L>v^. ^4 ^~A oljljljSJI La — 10 

g C jIjA all ^11 ^aaIII J^Ajaj \j . v^otl La — 1 1 

-±\y <xi-u 4 a JSJ i> / (20) ^gjl iiu (H) Jaa ojLj ui a If. 131 — 12 

43* n (j^-lla ( 20 ) JJLj ^ L jl JJj) Ljaj 
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jJic £J£JI J^&JI 
Cosmology 


13:1 

o>^ \±+l Jaj '^jVI j-a ^ 3^ <jI jj o*- o>L^ " * "j L>11j L*j ^LJI 

u-AjLjlaj jcjLaj oLlijLcuJI ,x lx. J^ui J_Llj S ^^ JI Jiti Loj iAJJa a LIkj A J.ia> a 4jI Jj 
4 x^uljXi <_£ jJI ^Jx) ^, » £UI Jj-ol ^Jx ^ji - v j ^ ^-a 4^ a aVI ^Ji <jLc Sjjj-a. 

^XJj oU^aijj p Ljlxj ^jJ . j£ 1&JI Aj^ lajj «^JLaJI < i jSjjj Si *tu 

j-o jj ■" ■ > LSj ^1 j iit fl~> jjl JjLaJj Cosmological Models <_ij^ ^jLaj 

0 

. ^ iVii iin <J I jLoj jJU^a 

1 ^ V « ^jJI £_a 4_S_aIj_j_a ^1 uaj <-ojj£JI £ jLojJl aJ-A Jjl 

Olbers Paradox jaJjl Sja*. a~j 4j^_aJtl joSIjjJIj oljaJU ^-aIjIi 3 '* v> ^^Jlj <LJLax 

^b-iiVI J^X jW=kUIJ (^-Llll jk^UaJI c-LtLMi) <K,*1 ia J*i«Ola 1 ^.AuuU ^^SLaj ^xllj 

^jal^JI <-i*a J rd l j±L Sji>ll jX n * A »J 

(^1 tlLxl ^ jx jJkj i^xxiLuil ^ <ti> ^jjiU <LiajjJI cj! jj tnfllll -uj^SJI ^jL&iJI < &h.-v"j 
JjLaJ 1$ jSJj jLL 4 jJax (^U^j <j[*k i i*j <111 Sjj-iS) < » j iUll <5jLk (^>^1 jjj 

J x * *a a* I djla^a 4 j1 J^La dljJj . JaA-A 4-JLXjJaJI (jbl^j-5 ^lx Ijl a!x| ilj-aVI A jjfc Jia J ^ 111 

:L&4j J5VI ^lx ^GjaxiLlxjI (j\jjJhlia JJjLJ ^1 uXShJ Ij-A aLlIuj 4«J Jn 


: LfcjoXj Ciljljl^SJIj ajjjuJI Cil j^aJU AI ^SJI ^U^jVI SjAUS (1 

i lix ^ijl^aJLl jlmljl ^lx Jjj ^jJIj «jlijJ SjjfcLLa ^Jl SjJblLaJI aAA <jjJj^JI <j^1cuJI jjjGj 

^Vl jaj L^aLLI ^L>V>I ^ <^j^l Lax LajLlIjI <x^Lxi cul^ < L1 a jjlj! S^^ll cjjl^ l a Kj 
ob^ ^Ua A ^ i AaI ^jJI JjuA jI ^JlaJI AJ^I La IjlAj * j j a"ij ^ y ^JI 

<j-uljJ Cul£ Uj . LlX Lajjuj UjIjj jl <Xjj-u (j\J <S^LaJI {ja <J)\ ^k*> fCjlj^ll (jjujJj jJhj 
411* nVl cJLLA Jjb < 4 J A lx 4 i fc^A L 4 IA jlSl 4 >a 4 i 1 A fl |» ti J_A JjuoI 

ob-oI^ ajV 1 joaj U1 \ <1&jj^lL ifi a!»JI alx 4 -lxj*^a cjLL^I L^J ^_jJ 1^ ^^ Jl 4 _laLo 

^4 11 JjLaJ 11olx 3^-^ <-x*lajLlaj 1 4uSjj Jjlj .4 j 1 Xxll Jxa 4 j qU\11j 4.^. aAI^JI 

<j Lt> 1 a aa.lj ^J.1 ^£-lx Jl jl ^-lx jAij la^lL») 
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a '■ «a< Jl\\ »£JI Jjl LlAjI (6 jJ^o 4 ,haJ <jI Jj£. (jl^a 

pI iA aJL> ^_ic U jjLall pi jJ"\ all J l aX «oLfcl ^ A ^ ^_fl aj j hn 

g.UA <Jjl i i"ifl ll£, »J*I JL I olj^JJ JJ£. ^jl dllj jj-lc Jjj Ia-oj r6jJX- < flh"kll ^UJI 

. ( ^jj SJI jSjA lisl dUj ^ tJi > V la th) LujJ&j Uj^ oUUjVI 

<a_L» 4ft kO JSaj fcl jj <_£jJI pL-ojJI I j-A ^yjn jjJLma pj^a. ^1 <jl (JjJj LljV ilj^fc. ^ a I j-Aj 

-<K j*u<Jjhj ^£1 111 <<jjj|j ^jJcUu iii V ^jJI JjjSJI plj^l 


(The Big Bang Theory ) jilatVI 13:2 


^yj^ky (£j\ t LJI ^<CU1I Vjl al jiJj <4^11 4 jij^^i\ £ j Loll I J-^.1 j jq ft" 

18 ^Jl^^ J jL i^ jh> A>1 4"k iL Ijj Afl ^jl 4ujhlll U ^uj . f!927 jklt ^ 

Lxa 4 a ftaJLaj 4-t-ialj^a <LJLa. ^ | ^J) 6j-Jullll 6jLLI ^ua oll^ utu <«.~d ~w ^lc ^+ -Jj 

4^LJI 6^Li iJUJI &*XA jLxajj . \±y 4_L=k.L*_ij 4 yj -i olL^j <4_JLx. 4_flU&jj 

jL^JbU 4 -JLaJI iiLiSJI ol j <i^LlJI 5 jill aJla o j y * 4 » lj Primeval Fire Ball ijJlaJI 

• iSj±* JjIa 

^ya aIjj fjl xa! 4-fcUftl a4*Ij ipl all <J£ p^_Lo jJa jL^-ijVI I jjb j)l j lUj 

^~‘L tJO ~<NI 4_JjVl ^LijJI Lo Jjl (jLi pI a la II j \ \ a jj «1 $ a^jL^ 

^_c ^LiJI jpA^uaJI (j* v * j 11 JlLo 4-U mn ^L^allc. 4 j^j1 cuJ^3 1 ( 0^^^1111 .O^J^JI 

II jkJi ^jj^jjjjjJI (Jj£jj < I^ aj J^aji oL>jj-j^JVIj oIjjjjj-JI t-iljJLSl <- y i \\ 

6jUI (Jyi oMx.Ulll OJ^ll dll j Jjlaj /4 ^ . a oLc^j-luj ip LAiJI ^ Oj-iJUlj 

OJjJ «U<UaJJ »l 1 A til g^JI Ajlll •■>*>! £-c ■ ■■ uj J^ukj JU Ip J_5 JUuiVlj 

<juua > <j '1 ■■•*■■ ■■" 6 j-4 ■*■ iilS olti > >JI ^-o ^o^La < i i < I &J a ij < Ljji )j 

.(13-1) (J^Itill La^ (Pki^ll I_fuij a afc-- II CiljJaJLIj I Ij8*iII 


WflE6lNkllN& CB)BILU0NS0F (C.)PRESENr 
I-11— YEARS AGOH I- 


(d)Future 




f 

ir 


>v-s ■ 



jlI’ iVI SLjlij ^ia^J (13*1) JSJJI 
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1 ^ iA> i ^j£. I K 2 *! £jI j-^4! j-cLu jl^ a\ 4.**l JjAftj ^LlAVI ^a Jjj ^ll j-o Tl << ilj 

cJlj Loj < jj ft ju A ^ JI (Jl j Lo <Ju. 1^.11 jLiOjVI Jjj 1 a ^ ^-Jlj < I 1 a Llajj J\ L ^Aa til 
i^lkcVI ^jjflll jl \ fltVI fjC. 0jLJ1 U I^VI Jbfjl (j-o Cjlj-aJll JA.1 J Js iu Ti 

ill Lojjj ('Lu ^L-oVI u$ II £* A y < * 11 ^ *> t a u k^d^Adu JiVmil ^aj 

(_£ jJI t j^ LlI Jj *' "J La£ iiU JJJLJ Vj <pl I AftII ^Jl L^J^iA jldlduol ( j- t 

I jl 6 Jj J-tL Sjj^oj Lj ^ n"i n ^ju-ol jJI ^^UaJI 4 ft JU .JIaaLA jj S ^Jl JjIa jLa^L 1 J-ajI 

. Jj5U 6JOAJ Ja Ti ajjI 

(Oscillatory Theory) ^jljiaVI <b^IaJ 

u 1 ^dJ^I 6JA ^Auj <^jljj-AVI ^j^A ^JjAiJIj 

Oi i fl"i *■<« a <1ajI i JjVJ 6JJjo ^A j a U*.U ^1 <j£Jj jt > fcL 1 Jj jJfl » £J1 

Ljl jAa! <JU ^A Lq-jIj (jlj£ ^ 1 <jl LaAjI ^V"j . JJ a ill <■ a L a j 1 1 OujLaJI fl, , a .a jj 

^ a jj t ,.v j-jl-jJI ^aALII ^a dLlj ij-^d <JAIjJJ (J*aa5C\j £jLaJJ j>iaL ^1 <Ljjj 

. Jiiu 1.41.11 I j£La l^r^.A 

< J*UAJ LJ jJUJI pLJu I j£ Aj i ,'\+ £11 Ll^j Vj LI Jj A^j!l V <j1 ^_1 c Ljiaill dJA 

^ 4 A, a JA <j 1 »Lla II JAjJUj . L^LuJI CjLj^mhll Cjjuaj La£ ^jj£JI JJ-ajJI J^la ^A LJL^ 

jL^AiVI <l&aJ Jjla .^Lc JjjjJL 18 < ^JI s ^3k LjXaIII 5JLJI 6JA ul^II 
<(J iiL£iVI J | la ^ A u LaJjljj < LjjL^j JAaIII p^JoLiL JjlAxuJLI (^JacVl 

j ^jLah. <l ^AxjJI ^jAloll cjIj^JL) ^jlw {(jxiLoSLiVI <JL^. ja IaAj 
( jLJlsJI Ina <Allj SjI^^JI LadjJ <ii AiiTi LjL < (h ^Ij1a J^aau /j ^ Jl djlll 

JJALa fjjS Lc <jAl jIaAjI ujJa >I»J <Jjl jSLflJ ^Jl SjLLI jXtiji ^A 

. Aja"ih>a LjljlAl <JIa. ^A ^1 ^Ajj Ij£jbj (6jUI (^oAj 


(The Steady State Theory) S ULaJI 2lj jlea 13:4 

a* Jjl u^J >AJLi-ull 5JLaJI L^)!^ ijJLjJI £jj-olll ^a Ijaj 

^ £jJj-fti O-aL^. 4J-0 jV 1948 jkic Jj>A .cA «-O -A JS 1 4 ^ J-15I 

<^^ 0 jJI | J_A jjiL jl JJ^^A £ i Aj (Jdft j^Jali jjjSJI (jl-A LjLllI 6J^J Lfi-Joj . LuUaJjJ 
^ a>^ I4 a «J .i \ \ i J > l ^ LLfj <U (JljSL ‘(^-oLLI ^ LI jj 0j^4J 
« j, iflu ^i^ JI 4 jcLiu olj^Jll ijl ^.Lc. LAjI j <Jaajjlu1Ij j^aLJIj ^jALLI *^11 
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aI-A 5jjlil 3 ^JI jj i fc u.-kJ <AjbJ-a. Cilj ftj < A JjJ-^x AjLa 3^ nj 

33UI 3L Perfect Cosmological Principle ^lill ij_^ . ^ ^ <jjliiJI 

£LA -y AjJ jS 4 -juj£ ‘Cl-o 3^° (^1 (j-fl 4 -ftLaJI < A^j ^Irfcft ^_fl <jLiln 

^ Joi «11 \ . Jj^U <JuIj 4 _j 1 ^ <_»jLo 4 _flUi^ Jajjjjp-ft ^-Lc la-flLa. 3 _^ -H IJA 31 Lo£ <oLi^Vl 

1 11L 3 ^"** * 2 ' v j 0 li ajULI 3 ^-* ^j~** <jLi ^LzJI 3 jj a] ji 1 j 7 jj_ajJI 11 a 

. 1 ■ ft AJtLuil olj»aJLl l^lxa-^u ^1 Ajlll 3*k*tl JjJL-ojj ^UJI frl 1 Aflll ^_fl 

^ J*^ > 6 ^_Lt ^^a.Li L_^_» V 16j ft 1 aaJL I 5 JLJI <j^laj £-a 1 ft H 3* J-*J * 11 3 ^ " 1 Vj 

IJJI Ji^o 3 I . JjJ^aJI Ca^JjJ * 4 H 11a j JLj u tl -c 3 I 3jJj jl j , aI.x^L> lA^JL)J j 4 I I £il jj 

LT^* t5^b <- 5 UaJI jAj cr* ^jjjLi-ul 3 lH^ j_>^aI1j 6jl nil 3>l^ ill 

^ If 1 JJ-aJu Vj ^-Iflj V <JLLJI 3 I 1 < 4_j_itj LajIj ^ 4 ju 3j3 JI -‘ 0 < JSJI 4_ill=JI 3 ) 

.Jj^jlLI jkllajJI Jiwlj flj 3 I 3^f ^jJI L y^xi\ jl <jlio ^Jl AjLU 3 d f^tjJI 

«<xi **tUH l ^ *l >oIa !>,) LjuuJ #3j^^ AjJLLuulU 4^jlajJI AJA 3^ 1*^ fl> 3 ^ aJI 1 cJLlAj 

# * 

•jA US J-kilxxJJ ^ ^ . ax L^ i j ,^ 1*111 fJl J IjjS ( ^ r fi 

3 _l^jJj-a 3 ^SJI £jUUI jLlL^I 13:5 

£-0 Lg-dLfijI 4 -a.jJ uAil^ J7 jLajJI 6 1a i \ 1/1 3° J^-llLt 3 > jSIIaII 

UL^ Sjj-i-o^l 

# 

J 7 jLftjJI l am < IJ— 1 1 Jj ■ jj 3^11 3 I ^_lc. Aj-JftxLi-ull <]Li aJI £ jhj-AJ 3 ^ 

^ L-^— 1)1 lj (Sd 3 '—j-AVI 3 JI—aJI jl—a LiVI) —i-VI 

3- j^Llll J^ JJI 3^lj • j-l^Ij Ji jjjj j-A 3 j£JI 3I ^ic. Evolutionary Models 
Uj «?j 1 All I Cilj^nll Jj-* <xlc. 3^ L* £-ft ^JlaJI 33UI jJb 3^ JI j^Jaj 

<jLfl « 3 ^JI J ft f ^J^j ^-ft Ciljlm II 3 *ljMj J-LC. 4 yV-L^ij CiLj-uU-A 1 ^l f ^-iJUixaJI 3» 3l£ 

3 * < lit 4 ah ^ ^ jLaj! ^it OLil^JI aJLI j 3> i<Ull ^j_L 3 Jj 3* Vjj 

ajxjuJI a\\ <xil33s>^ll jj *^ll <xuljjj *ljjJI ^j-ll 30 ^^ 3IJ A^iill <JoLuu 

JC itu Aj^^lalo jjX cJlj to |3kj-JI 1 1 Ijjfi 3I LftS <3 1 d^~ll 4 11 . v. l^j] VI < lot I J_a. 

<j^L ajJI <j jlkil Jj^uaL&iJI JS LT^ i JL) 11 ^ 111 ^ ft «ill 

<»UolVli <li_L LJLa. Aj^jlll ^ iIIaII -*l *^.jVl gjlij 3II jUjJ 4 ^ Ijj < lit Ijua ajlxx—J l 

J 7 jLftlll A J-A 3 * IjI Jjjll 4 1U1 1 <_ 2 jJL Ajij-lft ^llll 3 3 * L*Ld 4 Qj a \ Jj£, ^ -ft-fl clllJj 
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»-lL 3 ^.Ix jj jja 2 4ij-*-a ( 3 -0 cl Cfi ^ ^A JI^j-uJI^ «i»5lAII 

< U AjjUJLI Si tf ill CjIj ^ all 4 xaIjX^jja 1I **"dl JaJJjj 4j_uI j J_» jkli dilj ^-lx ^jl^aJI^ 

Zjy a Ajj *o ^l,iaaxxil jl 4 oj^ **■> 4jlj-u (jj Jbla 2 ^yJlj^a. Lx. Jaaj ^aJIj I Jxajjjjl Sj %■ a*\ 

^^Jx I^La> (^jJI pj^AJI jjl <G<-u ^j^ JL 3 ^Jlj^ Lx j t r> ^jJIj t (Hydra) lj, u $ 11 

jj Jj 3 JjA IjJaA Aj a jl ^lx ila 2 JjlA I dxajjdjl Aj.^a dl^J Aj^ wvll ^^L-u-^JI ^JL&ll 

.Ci5jJI cil j jj x aj^j-o ^ic JjVI LJjjj . iiuAa ^lx 

,<u^iil ol J> Mill CroiL JjAj (3 VI <JjA dxjL 4a.ifl ijjllL <_5ajJoJI A JA y ^-LflJI It^ujj 

. 4-JLJI JJ a\Jl 4 x^4oj jjjj Ji A u II j^jlj jjLS jJ^ill J^l ^_lx Aj-fl-ia-ull <JLJI ^ yiV ij 

* 1 aj AJJ-cu 'uu jl ^ fiitVI ^jSJI ^ Ui^ 

JjjSJI (j! ^_yv\I 9 4 jjIj1aVI 4-ILaJI 4-»jlaj Lai . ^ 1 *AVI jl % ftiVl ^Jx JjjJoJI O-fljJI IJA 
. LuLgJi JjA*tll b_A£^l» < JoJxuuil ^-9 Cxflj ^Uuj 4j1 uuaj LJl=w p^JoLlu 

Ojj£L 1I fcjLaill 4-jlx jau La^ 1 Lx UjIjlIjI 4x^-*jj g-^yJoL juj OI j aJLI OjL£ I jl j 

4 y^Uil kliljJLuJI JjA 4olx C-ut^ La-o J5l UL ,J-lA Cj-»L 4 a Lfl jli <6 

£-A <jjLilL» ^jlj-lAVI ^ jj A-tll ^y-fl JJj—fcXI JjJLAJJ Jij JjA CuL> 4 A l fl (jli J J—U 1 A Sj 

ijAa^u II ^jjSJI J7 ^yJJ l ftllnut j^ « V dullll IJA 4 a j 9 jjSJj <^JaxVl jl A. JLt VI 

^Aj Sjjj x u j-ajJj Jaa ^y_A (Allan Sandagc) ^JLxJI ^1 j_5Jj 

Luj I jlj a\ a wLt jA Q l \Tt JiA ^-ulj 4. a iQ jjLj 4oX AJjIjJI jJjLLjJI Jjjj «<KJJLI a JA (^uj Jj 

4-5jjj A J-OLjJI ol j-aJLI (j««JiA j j\ Sa\ 4 UJ Vj iAJJaj g^yJoLi-jj ^j £JI Jjl ^yJJU 

dlllAj .J^-jJa^II IjA ^y-lx Lais Li ^LJj ^ 4aIL 41 a 4^>% jxX 4 a11oj ^jLfl dUUj 
UjIaa Jlj La (jlj Aj^ lolil 4_x»jiJI ^7 J Loll I jjIL ^jla *tj 4 a 1^JI ^jLalll 4 ^ w^l j-^1 

olxlau-iVI ja 4L15 LUj Cosmic Back-ground Radiation ^jill 4 xaHJ 1 ^LuiL 

4j^A Cilxlx aI>I cAi Xfl ^yJjVl 4 x»jSL1I 4jjLJI 6 jUI (jV i^JaxVl j\y fttVI (j-o <jJLa~ ilI 

a < Ljlj^Aj 4 fllUa 4 ^ da 10 LAjI A a SjIj-a. 4—a^jj jJoLu 4-a^il Aj^^Aj 

.4jjJ <lils jLaXjV 4 ^j 1 Afl 4 iLaX p LlxflJI CjLaLs^jVI 

JJ-alll ^ j SJl SLaJj Jj-uj i^yA.jllJI pi ili II ^yi Jinlh 4a <tiVI A j-A ^Lfl iCifljJI jjj_a j-aj 

Jjioi (_JJJjlj (jijVL ^ j l a^oj 1 jjk Ijjij yjj .fla Ha JCJ u 


327 




(Gammow) j_aL. ^jLjxaJI ^JL&JI ^[a jxJj (2.7 k) LajI j \ n 4^.jj 

lj\*i i ii pLtAiJI 4 jl ijilI 4 i All oLjijxll jl ^jjSJI jl 'v fltVl ^Jjjeu 

3i^Jj 4 jjjjIj <JLJI <jLojVl ^-fl Lb J fanj 4 xLLaL 1_luj i Ujl a "nl 4x jjuu 4 % j Vi 

|,|I ilLI ^£jjjlJI ^LLuVI Ijjb (_jiuljii Jxa frLlxll > ft i Vl^l U 1 A ^ 1965 ^lx ^A JJj 
A J i till frLaa nil ^A CjLli ^ tVI j-A LjLft (2.7 k) 4^bjJ jA «a j*o 

clljJj <j\hf.Vl ^j^JI jl aajVI j*A ^LxlLI ^L».*i«VI Jl iti^^l ^3 xLi tJJj ^ic. f Ljj 

ji iJift tl *L Aj j Jo iAJ jl * 1+jV 5j fll^ull 5JLJI < j > 1qj 4i-r> J^aL ui l < tu^ VI I jjb jL 

^ ^ jjuklll dJj jli VIj j^LlllVI I j-A 

j^Aj «4 jK 1I 6 jLLI JXj ^_fl Jioli ^_fl <4juj£JI J7 jLqjJI 6 JJb 4 tw **rd j^^VI j L \r±j I LI 

£ jLjJI b±A J-atl 4 -k iss ^j_lx <JjLi Ljjjj JA ^jJIj <Cj I jl jl^^JI^ j jft II LLJI U\XJ\ -L. i .j" a 
1 a u ^jUI J U ill b_iLi_»V 4-ujLaJI LjiUlj j^Jl SjLU 4_fltA£ gJ^jj .4 ah k 11 

6jjbLjJLI L^UI SjILI iiliS jl (J / ^x 1x10 ^ JI^a. (^IjxbVI ^jj-a 111 
jL LJLab (Jaj La jj-i Jx Lubj 3 ^ /fX 2x10 31 JI>a jj£JI J^-k 4 j>- ^i ^ .IIj 

Lx j j» 1 a n jj J*C H1 JIj Laj . JJ n't II *_sL jV 4_uflL 4 -ajj-a 5 jL ^Jx -y_> V ^j SJI 

L£ L-v Sjji i ^jljljl^^JI duL Ijkj (j* i - ail ol^Aa I Missing NIhss S, j^Lkll 4 . h^lL ^tjj 

Lx ^A^aUll ^_fl II^Ia ^JL^I IJJX ^L <JAa>Vl ^>dbj Lf^Ljjl jlJ lLa dLlj Jjj 

6a 4-L^^_a ^_a ^ ^ a i»l j_=h.l til La Llj cjXjJI ^a L^Ia jj^w^a ja 

L i ■» j a ^ Jag ■ *> V LL <}j LaLI ^a La IjjL ^jJI^ jj SJI j a c. 

. 5^aLuuII <JLJI ^ jj-Aj Vj ^JLLI L^jJ^aJjIJI 

j^SJI jx£ jjjIj 13:6 

LI^JI CjI^JJ-Aj ^jlj-XJJ «Aj Afc AjLjJI j^JI Jj-AJ ^y £JI J—A-jl) 4jj jll CjIJ- jJ-A-jJI (jl 
• Uilji* oil 4 >-*^L ^laj O^^LLI Jl oljkJI ^J-O LbVI 4jUAJ (j\j L 4j^l a* nil ^jLj^U 4 . .. 1 aM 

^ David. N. Schramm ^Ij^i ^ JLJI Jxl ^1977 ^lx ^ jljl 

<^lx jj jL (20) JLJI ^£ 1) j af. (jl (4 _iLj_aVI SJa^LI CjLVJI 7* 4.a aL w 

^ill^j «(RC - 187) ^ajjjJI j M^\m 1 ^cl 1 .1 t.VI ^ujGJI 4_^jjJa (Jc> dj^jSjJll 4 O. Va"xIj 
&j%<i (j-fl j nVti II Lub jl jJla 1 ^ l a * t< V L ilLlil y uj > 11 <j a\ (jA»Ls (Jx J a \ t to 
j-oj jl uoa. <^)jjb CxiL 4 A iQ (Jx Ifllaj j » £JI Jn% 1 ^^kl CjIj^JAj LLlAj . jVI J LLllI 

(jj) C^jLuJ (Jj^ll jLxiVI ilijbla. ^Ii5j Alo jjSJI J-aX (Jx Jjj ^jJI JxA 
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< 4 fl jQ \ Ji£. cJlj La ^|j OjIj 4 a J ntt ,.u"i tj u-ij • uA 11 j-aJlII I j-A jjl 

4 j I ft C Cd-ij (j\AJ 4-£jjJaJI 6 JA (jLfl ij^L-illl <jj£]| ^loLu Jj-a. oLu^a-lll ^j^Xj £-joj 

jl_^»jl {ja 4 - 1 u n j-dl j_«A JlLlj . Cun a ^Lfc (jjolj (20) ^1 (10) ^j)£JI jLajiVI 
(jjjL (18) ^Jl (9) ^y» |~|^ 11 j^Ci <Aj >1qJI bjjk «I.La. Aa.ljjil ^jajJI jlo&l 


j^JI jlaS v ^jjjfij 13:7 


<iLuu t_ilulj j «j fl jjJt IjLajjfcl <fcl ■ n*i(j ^j^JU . j}H1 ^laJ > * ■ ai jjjij aj 

:<S^LaJL> I ualjj.<^11 ^i^a V~>- ^ ..^al ^J| Sal • ■■ 11 ■ JjA 

Jli jjaj X f^idl j■ “ — (4 a 1 * *i >I) |*| j ^ll ^Jai dad — JiA a ai ■ ..* 

C 3xl0 8 m/s 

H 


r = ct = • 


100 km/sec. Mega parsec 


r = • 


3 x 10 8 m / s 
100xl0 3 m 
3.26x10 6 ly sec. 

_ 3xl0 8 x 10 6 x 3.26 ly 
10 5 

r = 9xl0 9 ly = 9 Billion years. 

a ft ava\ LajJ CjjLj <a 1 a 1 »" Cj l A]| 6 jjl Jyl laa^ljj 

t = 55 ^jl1L ja£. Jola.V <1a*i (16) Jjj aL (12) fj^j L® 

1/H 

(jl ^ L II ^kWi aaij V ^jJIj S<jL^j <1 S^JLxll ) Jj ‘ ii^ aJUJI <jl aaal Ji uj 

.^LVI 6JlA l«ok uoaj 


j^SJI JUIaJI 3 tii 4i*i 11 3^jloUI 13:8 


4jjlaj 5j-jJ-d-A <d-^Lj JX.I^_£ itil LLaJ pLaIiJI JaJlIuu 

Li^Lc) ^c.j" oVjl X4i < jjji ^llj 4-iUaJI^ 6jU1 cj^LcLaj > ^_aj <<^ol_sJI ^ ^ ^ a, t \ll 

IjJbj <JjSJt SIjIaaj Lja^a ^LloJlI! (jl L|jj*L" (jx jLflxuuj <aalj jjufclj . JLaJ.1 

* * * 

I jida Ijl.ni a ^ iL I »»«*...« Uad ^ IL (_£ jJI . A II a djl Jjl 
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1 In i M tin LJ ^J_lj ^jJI I In*n ^_lc < k^lo I J-Aj . La <1jl^ v ^aj i a,U fc 

._>^-4 11> 6jJ^)-a j\f *All ^LuJlJI c>lla>jl £_L .£J j-ill ^_fl ui^o 4 i a>a 4j£Jj 

^jJI 6jlll (^J*i ~k I JjJ^ -11 jjl Lajj .4-U-ijjJ <_kjL ( 1 .7) LfcjLlft A <-Jj1 j <1 jL^JI ^n/nTill <JjS 

UL^i»11*niVI Ijla IjUt .(13-2) lull [a*\ ^Lc fr1*1 <ia ^jL^t Inn »***** 

jAi^t vinn. Open Universe L^jJ-La U-ax. 6*-* Negatively Curved 

c-li^jVI I jlj (180 J5l jj S Ua ^j£I LIjjJI £\j a -% a ^1 In j-»SLI JjjjSJI 

jj-a^II Jj- LL ^uj 0I41JI ^ ^ijA Closed universe U1 *_a jji. jjUl jli) L^j_a 
I A >\r ^ ^ Jl lj a i^n ^jL-yj ^L^JtVI I jlj ^pLaiiVL ^LJI 

Jll^l ^ > a -k dlj>_!L=kJJ ^LKJI L^.ji« 4 _JLaJI j-*-ojJI <]j 1 <jl ./^L-uJL 

jj^JI 3 ^LcV Uj iln 11 4_a^y^JI iillSLIL Laa 10% ^-A jjjJftli Jj-clJjI (^-1^ SjULI 

. <-u jLaJI iJjLflj 



IaUJI 3 1 tin il) jiajJI 4 a1^1j US (j^SJI pll^jl (13-2) JSuJuJI 
JijSj jl ^lj-aJ.1 l a i i (frl J^juj £_L> JjjSj Lujlfl Lx>^JI aJjj ft all 6 jLLI 4 a j jJ n Lolj 

UfllXJI ^1 ft aLlII jJ-Ajj r6j-ii-i-oJI I ^Jja fJLj\ ^Jx. frU-O-sJI ^ 4 ajI juJI CjI 

‘(V /uAt*) Ja-^jylLI iilii (J -A UaJMIIj L=kj-=JI 

2 * " 

p c = H Jaa i^tfl ^_I^Q LlJjla ,‘| ^1J iiliUI.I *‘~~ ^ Lc. !_)^ ■ ?! IJ 
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ifjJLUl ULual 

6Jil <ti‘i Lft £_a ill t 4 1 ^ in ^J_a ^jLsLj I 1 J_lLI l j ^ jl — 1 

. dUj <jj« in ^ J-a Uj ^_fl 6 jHI <iL£ JjJaj ^a oT\ > i Lk\ — 2 

<IcxaJ ^Jl j\ kf.Vl jL^k-fliVI <JaaJ J^a pIj_jj 1 j a C. <ju» £j5LlLI <-La,j1,I > Q — 3 


. ^>\ll 6 1 ujj I jLajj ^ Sj^xtuJll iJLJI v Luo — 4 

< jkji Ja^JI 'L-C ?Qj v 1 r Vi ^^Lll ji -v q\VI ^_fl <_JLjJI j i^ll» II {jA ^1 — 5 

■ 6j i ul I <JUJI Jjn la^ a MJj ^ 1 a il>| j mi i I jlJL — 6 

H— Jj-A ilulj 4 ..a \ fl ^jl jl LLfcl ^lc. <La.^aJI ‘CLaLj^j <1jluij LJLa jAf umaa I — 7 

jL LaIc 50km/sec/megq parsec 

(p c = H 2 , r = ct, t = H' 1 ) 

.^JttfcVl jUiiVI <JaaJ SjljLA. <-AjJ Jwiij — 8 

(2.7 k) SjljA. d^lollil <jua(V Jj4JI La — 9 

Jjljj 6j j*aj J-Aj S^^xliL ^1 joaIj J-Aj ^jIaa ^1 ^JJaa Jjjill JjA — 10 
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Loa JSJ cjIj^JI Sji Ij £u-o 

:<JllJI <^>> 11 H j^I jjOaL LjJ ^Auii <jV Ioa. ^ a Tk V11 ^ypJI ^LS <jl — 1 

jSj Lo J£ (_A <C.jjuJI (j JxJI (j7 <tSJI jiaUI ( 1 

:^_L l£ <jjjfcUaJI Lq^AjI j5| B,A ^y \ — 2 

:A JL,VI ^1 jli dial - (mv)B = + 3, (mv) A = + 6 

Cil^A B ^Jja Ujlftiii JaI |u CjI^-a iiHu B ( j^o Ifcjleu u I (1 

6 j-a 1 6 W_J B tc^lni u ^jS*1 ^ J CjIj-a 6 u B ^jA [fcjkyj 

S^o 16 LJ B ^jA IfcjJni n JSl (_A 

^ (+0.22) , (+1.24) ;Oj ^ J£] ^111 JaL* 1I Ijl - 3 

La^Ia ^Li 

Jl>J jkl.ll (j^aj V (j Ljla + 1) (j7 jlUaJI (J^aJI (1 


: J£aai ^jlc. (Jj a ■ ■ -J~J Q ^ ^JflM-gJ XkC. ^.Arvill — 4 

^UftjQ ^li~k >. jbla (lj £_IdL-u *■ fljli (1 

. ^^^a I ^ > If ^ - ft tL. | J j a 11 ha i Q lL> ( ^ 


j qIJjjj <a£.VI -*t * , 


JI>VI CliLi IjI - 5 
: 1"^ La.a I j_^J j jli SjjjSJI JI^LVI 

Ha ijjjLJ ill I Jla («_j jj^VI ^L^jI I J-A (1 

OfcU**JI <Aj^1oJ! 4juuLa 1I 4k^»j ^£-Ja (^ 

. LAjjjVi jj^AJ V 6 j-A 6jlj^ ( J 

:^A M gjj}\ J-o wiUal ^ JojkaJI j^fla f ^ wi .n“H (jl ( 6 

^O-uu Ja.1 J Laj^.jJ 6jjlj CjHo^-i CAAjjJjifJI fOC. (1 

^j-^i m j£j I.aa V (j tf^A Ui I All ^LftjjV (^ 

_4 

:jj| JltftJjl ijulj^J ^jA 10 ^j LmjJ <JjuIj^J (^dll ^AaIJ ^J^il ^Drill jjill Jjl — 7 
jSi U. V (. 14.8 fe 7.3 (^ -5.2(1 
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5JLJLI 4 iiK il J_sJajJI ^ a i. jJr-fc^a ^liaa 4 liL ^ \ 11 ^j l jJI jUflll ^Li Sic. — 8 

^1 jUL» (_^j l jJI jiauaJI (^uui 48 Cjyi^LI 

jSiU-.^Vlj 4( e 0.5 (lj 0.2(1 

'■ idfaUA ^£jlllj1 <LaLy ^^wV 11 £_A^<o — 9 

( J ^jLoj^JI 4juS^j ^ (_£^aJI <Ua (<_j OjIja. J (1 

:(M - K) 1 -kU^.A u * ip G311a ^aIJI j»i * — 10 

jJU-ol |k,r^.i (t-j jJLi-ol j^LoC jjA yAJ (1 

fO* (*> (C 

:<la' 4 XI all < i^LHI <ajLjjJI ^jaJI {jA j£Lll1 n * — 1 1 

Lij laill 4f.jAall ^j*jLkA £\J Iri < < 1 11 ^A CjIjuIaII (^*jLiA ^1 

.<jj| jJI <£ j^Ji\ ^yjLl ^ J A i.. x.l a!I <£,j j n.l| ^uLkS (^7 


' 4 tfll tl j fil l jiftjj — 12 

^_9 <L1a LajIacI JjU M £^jJI ^ iulaJI 1$ il^> (1 

gf* «^» j »cr“ V (j iLjla Ljjj jUjl l*J (^ 

:<jJloJI 6* Leo VI a^aAjII ^joJlII CiflAAiTsl —13 

j^J| (j II all <jJI Aitill »UiJI (e-i ^aj^aJI (1 

:6A-»AC ^^sl^cV ( ) { jA Vaj ^ g^k kll l ^ilail jAA_ll ^1 aAju-uI — 14 

<\ a^\II IajIjJ-JI AajJI ,JaLju& (cj ^ Ay ill J^Iqj-uJI (1 

q iA‘^ j$A Lcl-o c-^-jlL V (-A ^jJaLJI y Al^oJI (j 

:_j <JLc l^jujIjjjj «4hfl\ \o l^jjlj^ 4-SkjJ ^jJI ^CAj — 15 

^eujjjJI jjljlll ^ k (wJ ioJjAJI ill (] 

(j <A>La*JI ^>ajjl - JT 

<J_jlj (jl (^JI^-jJI ^-lc ^ A 7"** ^ ’ 10 ^-A 1^ LajL*_i1 a uj ^ yaJj l« ii - a^k. > — 16 

: Lf^ C^ 1 " 

w will V (j ^kVl ijjLfc^o (u JaVI (1 
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J-Ldl aiUe- 17 

IaC 6 JJK-> (j ^ <xulj^j (u aaIII jiai s (1 

^ ilnll <Uii^a jli . la ^aj t julo ^_fl ^jjQJll ^j Jjufrll < i fl Jnll Jo^lrfc^ II I jl — 18 

: UL^ 

Ia-o c^i V (-A B (j A (^ F (^j M (1 

:<lajuul^J 4 idl lUli ikjljjJI Jjxqj I — 19 

^jlaJI jllaill (<^J ^JjjljJI ujJ^uihll 

t uhll (j £ajlII (jr 

llgj »I^A^lI <5^LaaJI £_a <jjl&iLl Ij <5 ^LoaJI 3^ 3^ ~ 20 

Lil jj JI ^uAj 4 tVCII 4 j*k&j 

j^j U- V (-* (y + 1) (j 

3 ^ Ld A^aj I j) . llJl ^ttJjJLLU 7j*C . f>L ft »*.uJI JjL^i AJJj ^yj gj JLXM 3 i ^ ^ j — 21 

:^J^I ^ujj 4jjlj <J gj l 1 a“ L 4 Va ^Lfl < 6 ^-o *t>l 4 " i i. Jf£ L^lo 

^jLuJI jJ ^ J ,U \rk >11 £ilajua 1 V =w *« (cj j 11 (^ 

:^_fl 4 v,oj .-.UVi-J ^J| ^J)IaUVI ( ^a cjLo^Ii^VI j^jlj — 22 

lac UjLjljI LdjLU-fll . al 

lfl» j \iajJ ( J 

:^ju\ i\a jJb Lo ^jjJJI JaLslLI “ 23 


Lc a ja-J (j ajloi * a^vl (_ 






J(1 


:^-lc ^ A A11 <jjl jJI 4ffcjaJI JaIaj — 24 

lt£. p ^ aJl JjLj ^kiiiLftil I > 4 if.l» aTiU 4f j . ■. H ^] 

(- + 1)(^ (^ + v)0> 

l^^ukalikJI j*i2-ll ^jjo ^ ** ^jkiu ^Jl iJtjJI jjill j-a p ^ £jlaj-u 4 w n\ll — 25 

6jA 2.5 . Am ,J>A ^Luil ^ 1 

6ja 6.5 —> ^ a* j^t\ ^ j a^o 6.25 k ^ixuil |^i 
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:4jft aaoJI j^aj <jjLxJI -y \ 11 ^jc. 6 jjJLaLI ^.j'yill y aliAJ — 26 

.^LA-y ill LAjIjjI (J <ifclft itill (-a. 1 fcLyjl Lfl-flLJol ( 1 

cj\ i^Li-JU 6J it jLs < > iu ^—a <L_kjlj 0.75 <jjIj <J ex ^ ^-yill I jl — 27 

18 (j 4.3 (^ 1.3 (ui 0.75(1 


<tj.Qj.UII <Qjjj ijLa , L j\ *y*> 1 ftjJn JjGlI jxjahj II <j^ 5JI < ift Jrfcll JojJrk'y II O^Jo I jl ~28 

.j$j U. ^ V (-a B F M (1 

JojIaObj jkj \ Ll 1 I JjJLj <Ai_Ja Jq^ln-y ^^-lc -y > 4 ft ji-i ^jlSLfl Lo A. 29 

I jj Sj Lo-Ij ^uiaJI I jjb J^jlj a!1 

<»ll J-- 0 4jjl^3h, Jl ft t*AW |u Jjj^b^fl jAt (1 

^jUj ^Uaj (j 4j_^ft LuIjlajI Ja^lrry <J (_^. 

:jjL» ^jjuuij LuU 4 oh^w 11 L^jljul I jl ijmuiJK La ^ I — 30 

tf 3 ^ 9 & ^ V ( J m bol = m v (-*• m bol > m v ( V m bol < m v 0 

:jJ ^_ft ajJJ g. 1^ A'y, 11 <5 MajJI ^k^syjJI £_L> - 31 


4 * Aft'y jJLI 4_JIaJI 4-ulj^ill |lj <JUJI djI^xJIJ «<jJIjlII <ajI j ^ jJI (1 


4aJLaJI Sjlj^aJlj 4 i Aft'y iLl 4jjlj^lll ( J 4 Ij\j=J\j 4. A fl \ 1 1 iul j^l (_^ 

J^Lfi ,<C>!Jjj ^ ^ dL^jLi 4 _ljIj / ^ 100 4 ini 4 a\ 1 ^ aJ Lu ilj ^J — 32 

:4_Jllll <_ljI jjjjJI 4 o£.jj-l< LJajUm ^jJ-ijjJI ^LjjVI 

<u\h /{£ 100 (j 5^15/^70^ <^15/^50(1 

JiAi 4-JUI ^ J, j y I v * " I t a l \1 x..I ^p jjj 4 _ljLulI! I 4 la aI u!-33 

(-4 La^IaA y fl^-A** (j LaJAj (^ jji (u Sjl^Ai (1 

Ijj-lt JaI>j V 4 t. ..I tq <xo^ i^-aaJl!I ^llaJll ^JaJI — 34 

dJJL j (j 4ftJr» (_3b (v»j jXAjJI (1 

:tfl Qj jSj frljay II <5 ^LaaJI ^aJJI ^Jfl tjlilL frljA-yJI <J^La£. ^yJy)l 61-35 

gibjSj La bjba. ( ^ I o^*. jjSI (cJ Sjl^aJI ia.jJ (1 
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(0.6) ^111 <1,1**, (Mv= 6.8 , mB = 12.4) <1 (^k£ U11) ^ddl j\ - 36 

:ja MB t>j<is Jjli 


6.8 7.4 (j 13.0 -5.6 ( y 5.6(1 

'.jJt Ll£. pa.jjl ^iXj Jjli Jjl mil JI>JI — 37 
jSj U- V (j d-jL 10 d,_>L 229 d-jL 132 (1 

^ 4_JI LIjl Ujj_5 Ld (+5) ^dll Jlkil j^\ j,L£ Ijl - 38 

+*-b 

+10 (j >^(^ +5( v -5(1 

Loj jLaj 4 tfl vfl^k II 4 -ljLjJI ~ 39 

JaJU La jdr. (_^. 6jij^JLl ^aaJL (u jJLS 6 ^j -L-u^p 

‘ ijl^uLiL LfJI Ljlic. i 0)1^ JJU ^-lc Jp j ( J 


: l$Ju» 6J£. L ^ > kj [4 1 , 1 c Jjjyt-ujj J-* jai, ^1 j -0 IfJ O***-* -40 

l A fl lift I ^uLi ^ Kll ^jxiLl^ (c_j ( jpxnli]l ( 1 

4pljJI <$j^JI ^Li (j 

:^h Lxa J£J 3aiahsJI 3jL*VI j^j SjilJ ^ :JjVI jwJLII 

JjLfl ^jjL| II oL^jV aji-> JopaA. JJjJ J_2k.V ^ <ft ^\ll > ftJnll <2>l£ I jl — 1 

^L^jJI lj*J ^ kilnII V 

M(_* F(j 0(^ B( v A(1 
Li (I pc) Ja\j > £C-i-u^_fl <iLu^ ^j*o < ( + 5) ^iloJll Ljji ^1 jUAaJI OJubj^XM Ijl — 2 

s^jjblkJI L %jS&jjk 


+ 10 (j +5( c 0( v -5(1 

S^aAll SjIja. jj 6JjliJI i^Jfc jpu i LjS j <JllJI (^o — 3 

.Jdlill (j Jikll jSii\ ^IJaLII^ ,^^1 s ti^ll (1 
<=kjil JjJo £-a All diiii Ljj ^jJI 6 jd jjSV 5LU1I <=k_)il I j Jo (_A 
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<xtaoJI Jj£JI — 4 

0.1-10 Mo il£J| l*J r ^| J£ ( v 1.0-10 Mo (1 

0.01 -100 Mo (_* 0.05-50 Mo (j 


jL& (_*. 


: JLoaajajLi < uajJI Jj^JI (joC — 5 

jiu& 6 jjia la£ tlHJfJ iJLH^ (*-» Jj^l U>^ 0 

Lo-o (_A 6j » lo LS i-lllll jJLS (J 


4 . Ill I ill 6 


IfrJjSjjj (_=w JA^JI Ifl A-y -fc J^ljJI ^_fl iJUJI 6j!j^aJI (1 

. <Jj>jp JI <JBLtaJI JaJ^j ^_A ijjjUJI ( J 

s<ajq^i!I ^j-juuLi-uI ^uC <J l ^uaJ <JUI (j^o — 7 

^1 (j ^LaSJI ^^lll (^ 4^1 jJI ( y itsDI (1 


; ( ^uAijJI ^jLJI o!~8 

. Lfl fa^l IaAJ ^A-UAJjJI J^lnJI laAi jJljA* I4J dI jSJI I4J (1 

. I $.1*1^1 4 UitJL Lul^Ult ^-i-UAJjJI J-jtjA-H ^Jc. ^ *i>JJ 


4_-3kjJ JaC 41*1 *\ JjVI ^ ^ill jj SLl ■**» * A I ^juu_LJjJI yl " A11 !->■% ^_Lc ^ j ( J 

.4JU1I Sjl^JI 

dll jj <J^jlLo <a^j j^laj ‘ t Lajij (AajLiaJI 4-ftiajVl y\W jj laj ^1(9 

6J^Loj <Ja^ ^jja ja^I Ay \ <££ <jV (1 


^lill <Ja^JI ^jA J2aj (^A^lll J^.1 J^aII ^y> 4jV (u-» 

aJji-OA ^a*j <^.jj ^jic.1 l jla ^ A^\ll Sjlj^x 4^jJ (jl (-a* 

.6Jj^oa ^y\\ <ajI jJI 6*L«oVI ^ja l# J£,I ^yxajJ 4 ajI jJI 6^-L-oVI ^1 (j 

:^AaJuJ JSL^u) v* jalll 1 <a^-a 4ajIaaJI 4aa^aJI <a1ajVI ^j) — 10 

ill JA ill ^_3h. it Ay ill <AjI jJI S^Ia^VI (u-> A LA^WlII lj\ 5_a.j J (1 

4 lAaJxJI 4-fcSJI ^_A A^\ll ^IoaII ■ a ■ ^ J 
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S La Cfijul ^Jaj uiaj I jLo < tliLo^Lea ^Jl ifiL-oVL —11 

JJLjJI <AkjJ y fluVt 

^uhuIallaJLl JIaJLI (-A <j 3IJI 6*LuoVI 

j*Lal F SjLuulj t^jfuxx Jl 3"k i "ki/ill 3 La^II j&Lal T SjLJjl :^jIUI jUjuAJI 

.Cry^JI ^ a^DliJI 31a > II 
.(+1 ) <LL*-« (Sjj^jj) ljljAa.1 jjSI (-1 ) J^UII jj - 12 

~> l 11 jjill ^y* J^l ^^La^JLJI jjiJI ~ 13 

oljLiJI J ft **jV Joia~> <jaI 4 nil cjIjLxJI (jV dlljj JaaIL <ilkJI JLVijl fjl — 14 

. 6JjUI 

0 ¥ _ 

£-« iijllLLj ^Li^la £jLU 1I Jariw (j-a l ill 11 4 fllaill yfl 4-*_Sl^JI ^ -y\W — 15 

. ^uai^JI ^iTvil ^ILlaJI <jJo-l 1I <JLflj^JI 

<JlLlI J^LLaa ^lc lfl *^~ 3kI ^Jl Jxoj J-lKVI^j j *■ A ^uy A j^ 11 ^j-Alala ^j -v \ 11 — 16 

. *LlLl^ 

. <JjSJ| ^j>« ,^\\ c>J^I L^j-<=> ^JojC ^JjlSuJI "ill — 17 
6 " U 1 K,M <a ft V i I I ^JLLVI Jejlajk JjkJ-C. uj — 18 

.jkjjaJJI jL^JI ^ J>a>>a Jf* 

. *JjkJ\W <£.^J_U ^ 1^- Ja1«j V La < j 9jm JI oMcUllI ^j-a 6jJ^lil <£llaJI <Xo^ ^jl — 1 9 

. lie I J-=W 5 J131 ill ill ^jxiLLj ^ Ay\W -JJI o!-20 

. 4-AjCLoJ <LlLuO 6 J La JSL^Ju ^JLfc ^ajJI ■ ^_fl 6 jllI ^ j — 21 

.3,000 - 20,000K o '.ijm Lo ^\ 11 ^L.x— 22 


dllftll wj^Uo 61A AII ■ n« x I * ^\ll jikil jJlBJI Jl ai ii ul ^_fl i i <ill Jjl — 23 

. Cryjldl 

^ie ^yC Ji*!^ ^ilaJLI a ajJI jjiJI J*^ -a <L^jI jJI ftf'Li^VI Jl A k ol fj^AJ — 24 

.<j h l4jIo2JI cjI jo^JL ^1 Ljje Lft^jjLdyj ^je ( jx j^ejJI 

. {ja «Till ^ilau — 25 
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:JjVl HUI 

<lxuiVl J£J 4II i^UVI JjILo 6jjI J ^ i A 
6j » > Jrti-uj " a (jLfl < La jW^k\I 4 j i-u^-5 0.75 jlVill «■ oV " -^1 4 jjI j cluL^ Ijl — 1 

18 (j 4.3 (^ 1.3 (uj 0.75(1 

t^JjCLa ^jjIxA < jX- 4^3 13 4j^_fl Jo^lft^, J^_lc Jj3 La p.*y \ I <aJulaJI Sjj) *^1l Ijl — 2 

*<■" I J^J ^LJall v Ailualll JjLfl 

M (_a F(j A (_=»> B( v 0(1 

^jl (-1) ^3>ill <1aIaa -3 

(+1) (^*>111 ^aJ ljl^*a.l j5£l (1 

(+1) (jj^UI «lolx* jid ^aj ^ <5jJ jSSI ( ,_j 

(+1) ^jjUl jiJ ^aj j>c> J_>j 1 (_a. 

Laa S-^Ij V (j 

:jiuAj j-^V ^jLajill L-jjSjlJI (j| “ 4 

^3kV {jA I $ 1 A 1 1 ^j£- 4 t a \ 11 t^flLJaVl t_fljlo^l (1 
i till {jA I^AijA (. l 

^3l jJI l^jlaJL (-^ 

ifl-jjijj*. ia.jj ( j 

. ^clxx^ jSkj La JS (_Jb 

1 ^j jfclleJI ^ ill jAill jjli <(+5) LlJj-A 3 Aitill ^ Uni I ^AaAll jJ^JI ,jl^ Ijl ~ 5 

| £j ^ A~^k > £C_L-Ujj JJLJ ^jA JJfcLij Lo^LlC 

jSjLa^V^ +10 (j +5 (.a. 0( y -5(1 

gfiJA wJUl 0 ! ( 6 

JjLuu (j j[L (_=k. I_ >_? (! *^ A (t—) liLuO ( 1 
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:U ^4 VI Joajjj ^Jft^lj <jL tJI <u^lll pitfall ^jl — 7 

OjjUl jjSLjJI (^ *UxJI r lj3VI (^ .I^JI (1 

.j £J Lao V ^Jb 4-kcLJI ^„Ui*ll ^J 

5Mo <it$ j^l 30Mo <iK jl-xjJI <uLiilll jjl — 8 

<Xju-aJ1 ^llAaj j » lali LojfcM^ (} 


V-~» C^l <£.jj-u L 04 J (—^. ^ ft kin II t ftiLualll juftj I 4 J (^j 

CNO OjjIoj k ^ II ^_A f. I J^j-u <JLfl-> 6j^xlj I Afl-juLfl-j ^ J 

:<jLjJ^ <1)±3& Cj Lilac L^jLi <jJllll j^i u-xll ^1 — 9 

Open («=x Associations cjU.a^Ti.H ( Globulur (1 

j Laa V (_A («»J + JjO (J£ (j 

£4laill JnA ^lc AjlSj ^ y__fl^unuu 4-JljJI tjy —10 

^yuj ^i t JI (^ 10 Mo Star (^i 3Mo Star (1 

^ Oh J A j^j La-o V (.a 0.5 Mo Star (j 

(Pulsars) CiljL.»lJI . a.^^^ — 11 

^ Jj-olx. J£JU+ ^OjV I jl J-A ^k£- <4jlll j^lijl J^A <-C>3^X <-AAJJ L4AJ (I 

^Uaj fjM uaj (i_j 

JjLajI j d^JbLLa ^jC. <^jL> a.l>. Ua^lrk"k Ajj&oloJI *jj ■ Laj^j jjl (—^. 


.ju^jSjUJS(j 

'6jn 11 j$j4 61 a iti 6 jaJLI ^-fl ^^juAxiJI 4-12 

6jaJLI jSj- 0 SjftiAa illjAJ4 a .ia*7»ll ^V (Jaa IjlA |u I Jjft (1 

jJa-fl jl Jja ^jfl dJjAJj ^mwill ^V I liaA I JJb (_2x 
.(_£jj|j jl J-o cljAJU j ufli ni l jV t dn"k I JJk (j 

: ciljj 6 jaII ^ <-»-uIjJj ^ T -« HA i ^AJjjjljJI jjjjilftJI f\2 - 13 

■ 4* > > 11 i—<S j >la J >al * A ■'* tajj Xi^JI ^.^JlII 6 JJk jLljI (1 
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UjIjuI ^Jl dJjj 

.4ilaj[jJu| II aJLA s ilk jU'ill 4 jjI j ^uloLi 

jSj L g. AA (J 

:<la £C_jjlj 1 Jail*IIa jkj*% ‘ill ^a »Jja 1I (jJ — 14 

£ju La leu-yjJ .. t ^ajJI ^A-»j l Vim 4aaIjJI dllSt jLulJI <\t& (1 

<jjLiiJI Uuijjjp (j 5j^k oil ^injlr»LjJLl JLJLl axJu 

:<kA^k’JI ^I^JVIj jjiVI 4 ^jj£II <Jj3VIJ jLlxJI jjjLj jl - 15 


. 1 Jj-u ^SkjJI JjL^M (i_J *^ (jLlL CijASt (J-aJU (1 

jSi) jJu ^1 dlllA ^uLiJ ( j bjia. jjlSI jJjlj ^ajJI Jju^j 

•Ubb. Culi IjI F US^Jl j aiftaJI ails lil T eijjJI £ub jno*5JI 

. <LmI!lII <iA^ill Aj^-a^JI ^a jjjaj jJyill <!uJ jaJI — 1 

.^JaJ 1 ^lo JaIaJIj 4jjjI J UjSSI <ajLlII 6^*aJI ^-i"T> ^jJI ^.jrk.i.11 CjIjI J-e <jl — 2 

4.i*iiVll JjLaj ^jUIl ^jhO 4 ixiu ^ aj JaKVI 4ilala ^1 — 3 

a_Ua_JI 1 Aj V^a iujSJI 4 juJuVI ^JaJLA Jjl — 4 

.4jubI^cjj^a1I j^j^JI jflL~ 4lcLJ! nil — 5 

4^jjJ)l^kII ^jjVI 11 **>i> ^Jk Aj^J.1 ^.jaIII iilSS ^jl — 6 

1 O 9 M 0 (iiLuJI l- ijj) S^aJll 4 Jj£ j\-l 

10 ,( 4jLuJI t-jjJ A *> JJL£. u!-8 

. I^JLuo 4ili£JI ^Ui^j if IJjA4tll 4 jlLJI jS^Q jjk£. — 9 

In^k ^ Ll ill l -a JjfcC jkVdl jJo-$ v a*^> ^A La « hIjJ-jLa, i.Ln'i o! - 10 

■ ..»*jll £jlnJ| 
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oOsji ^1 j* 


ajdJLi : Vjl 

. 1979 .^iii<l*kII Oulall i^JI ^>nu )1 irttll ftjjftljLj jjijVl i Ja *u i ii*fc jjI — 1 

. 1986 ,JjVI <vkJI . j«JI ojSJI <tf k - 2 
. 1980 sTjjj-u *<JL*<til 1 &. 11 ^klc ^ ^11 Jllj »Uk jjI <<lll ike <^LsjJ1 — 3 

1 <JLaL»a !<jJLUI <0ulaJI f^LJI J-i£. JaaI i l+£ll 1 no ill iji'iA, yw — 4 

. 1962 


6jljj olitlo « JjVI ^aJI tLj-kfl .^ajll Oulftjjl Xi£. ijja^a JxaAi a h\1I — 5 

.<a5IjJl1I 4jjJ| ny II l yft Ull ^JlaJI ^ ililll 

. i«^ If oLl—L- il (( jiiliiJI jiL J i^Uua. jxl£. J n. Jl I M jj jA~k a — 6 


.4jjLa«uJ1 fl^>YI 4-kSlj-a ‘LlaJjlJI <uSL1aJI liiljjLaJI — 7 

.f 1983 uIj^H <aUJI <Vi^JI ^jSII^LII < jux<J1 ^jlIII ±±l. ~ 8 

. 1976 l ^umJ ^jiJI jLiijYlj K-flliUI 6jl jj oIj^JuIa < LJj^k jJUJI i'_Jlla <JjI^a£, — 9 

Jj i^Lo^Luj *»t-k 14a*1 < a y jj . >llllII ^Jc 6J^A^ ^Lfll i^ljLo ^jAk 1 «dj <o JjIjj j^ A — 10 

^£-^1 <»j & * oljji t i in 

_) » a i ) 1^ 4 f 1 liftll ^iikdAj ^jlj -J 3 VI ■_> 4 ^it * -lj 4 * t aI a ft .»LlaJI «■ Ir i{ y jj y j| oj #^l£. — 12 

.^ulJlj fiiiiJIj 

11983 1 5^-i.iki 1,1 <k a 1»Jl 4 a l a*111 4 l'K* .j 1 .-.VI ^ilau^^ yJt . j 4 ^" 1 *I-I 4 II i^Jc. -mK ij — 13 

.^JjjJI (- LajV I 04 • A 
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